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I INTRODUCTION
1. Description of the Area Studied. -  The area chosen for the 
present study is a tract of woodland some sixty acres in extent, lo ­
cated in Section 1 of Urbana Township, Champaign County, I l l in o is , 
about 4 1 / 2  miles east and 1 1/4 miles north of the main campus of 
the University or I l l in o is , and known as "University WoodB". It is 
o f f ic ia l ly  designated as the botanical, aoological and entomological 
reserve of the University of I ll in o is . The geographical location 
is , approximately, Latitude 40°8’ North and Longitude 88°8, 35" West, 
According to the Urbana Quadrangle map of the U.S. Geological Survey 
the 700-foot and 690-foot contour lines pass through the tract.
There is  l i t t l e  r e lie f  within these lim its, and the drainage is 
poor, so that in wet seasons the so il becomes saturated with mois­
ture, and water may stand for some time in the spring in depressions 
even in the higher parts of the woods. The s o il  is yellow-gray s i l t  
loam, an upland timber so il. (Hopkins, et a l. 1918). McDougall (1S32) 
has fu lly  described the plant community of this forest. The higher 
parts are well wooded with a stand composed almost purely of maple 
(Acer saccharum) while a mixed stand of maple and elm (Ulmus ameri- 
cana) occupies the intermediate levels and elm is the dominant tree ; 
on the lower ground. Other prominent trees are, in order of abund­
ance, according to McDougall, Fraxlnus americana, F. quadrangulata, 
T ilia  amerlcana and Carpinus caroliniana. Many others, such as 
Aesculus glabra, Quercus rubra, e t c , , are present in smaller numbers» 
and in the more open situations there is a considerable growth of 
underbrush composed largely of Benzoin melissaefolium and Asimina 
tr ilob a , with seedlings of the various species of trees comprising 
the forest. The forest floor  herbage, during the summer season,
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was dominated by Laportea canadensis except in the highest and low­
est parts. Impatiens b iflora  and I. pallida were abundant where 
elms were the dominant trees.
The tract was for same time rather heavily pastured and some 
cutting of hardwoods (especially Juglans nigra) of which the 3tumps 
remain, had been done, but since its  acquirement by the University 
of I ll in o is  Borne fiv e  years previous to the present study, it  has 
been le ft  practica lly  undisturbed as far as the direct action of man 
and of grazing animals is concerned. Accordingly reproduction of 
the woody plants is taking place to a considerable degree.
This small area is one of the very few remaining b its  of the 
woodland whioh originally extended into the prairie  of central 
I llin o is  along the Vermillion River and its  tributaries, and like 
a ll  other similar tracts it  has been profoundly modified by the ac­
t iv it ie s  of c iv iliz e d  man. The f ir s t  modification was, doubtless, 
the elimination of the larger mammals frequenting the deciduous for-' 
est under primitive conditions. The clearing for  agricultural pur­
poses of the greater part of the former wooded area lim ited the mi- 
gration of species restricted  to the dense woods, so that when a 
species lost its  hold, for some reason, on a particular area, it 
was not replaced on the return of favorable conditions. It is 
probable that the period of heavy grazing drove from this particular1 
area many forms which have been unable to return even though the 
conditions are now favorable fo r  them, because of the isola tion  of 
the tract and the absence of suitable migration paths. No charac­
te r is t ic  mammals, with the exception of the wood mouse (Peromysous 
leucopus noveboracensis (Fischer)) are present in any number. Even 
squirrels of a ll kinds are rare.
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At present, a lso , the value of the woods, particularly as an 
entomological reserve is being seriously impaired by the invasion 
of large flocks of poultry from the neighboring farm yards, which 
co lle c t  very industriously and very thoroughly such insects as are 
found in the leaf and upper so il  strata. Environmental conditions 
are also profoundly altered, as far as these strata are concerned, 
by the drying out of the leaves and so il and the interference with 
the growth of the natural herbage occasioned by the a c t iv it ie s  of 
the fowls. Fortunately, not a l l  of the tract is at present subject 
to this nuisance, as the invaders seem to find enough food without 
extending their depredations to the eastern portions.
The u tiliza tion  of the neighboring lands for agriculture has 
led to the incurrence of many introduced forms, especially among 
those which may be classed as garden and orchard pests. Although, 
as w ill be seen above, the conditions studied here do not represent 
in any real sense the primitive conditions of the I ll in o is  elm- 
maple fo rest , they represent the closest approximation available at 
the present time, and a much closer approximation than w ill be 
available in a few years i f  present processes are allowed to go on, 
unchecked.
Outline of the Topics Studied. -  As indicated by the t i t le ,  
an attempt has been made to carry out an ecolog ica l study of the 
animals of this modified elm-maple forest. The study was undertaken 
with at least a partia l appreciation of the lim itations necessarily 
imposed by time and space as well as other more or less obvious 
d if f ic u lt ie s . Thus the t i t le  is  a broad one which is intended to 
cover the various phases of the subject treated, without any impli­
cation of completeness or fin a lity . The work was begun during the
latter part of June, 1931, and continued for a period of nine months 
from that date, including the summer, autumn and winter seasons. It 
is  intended that this paper shall he followed by a second, having 
for its  main topic the vernal phenomena, thus completing tne annual 
cycle.
As there could be no expectation of being able to cover the 
entire f ie ld  suggested by the t i t l e ,  which would be in fa c t , a pro­
ject ca llin g  for the e fforts  of several men over a considerable 
period of years, it  was necessary that a choice be made as to the 
particular problems to be considered. This choice was, in part, 
made at the beginning of the work, and, in part dictated by expedi­
ency or the presence of opportunity as the work progressed.
It was, of course, obvious from the beginning that a fir s t  
step should be the acquirement of data from a series of observations 
as to the physical conditions prevailing in the habitat under con­
sideration, and a detailed examination of so much as possible of 
the clim atic rhythm to which animals living there are subject. Such 
data must form the foundation of any adequate study of the ecologi­
cal relations of the animals of a given habitat; in other words, we 
must know, as nearly as possible, what the habitat is  before attempt^ 
ing to discuss the relations existing between it  and its  biota. It 
may seem that the records of meteorological observations occupy too 
prominent a place in this paper which purports to be zoological,but 
a large part of the subsequent work would have been worthless with­
out a preliminary knowledge of the environmental factors involved.
Accordingly, f ir s t  place is given to instrumental observation^ 
taking up in turn the succession and s tra tifica tion  of conditions 
of temperature, humidity, ligh t, ana the evaporating power of air.
Unfortunately, tne observations on light could not he carried on 
continuously with the assistance of recording or cumulating instru­
ments as could those on the other factors, and the data fo r  hut a 
single day are included.
Having made provision fo r  obtaining a successional and stra- 
ta l record of such environmental factors as could he measured with 
a degree of accuracy, an attempt was made at the same time and in 
the same place, to measure the b io log ica l components and, i f  possi­
b le , to correlate the results obtained from the two sources. The 
successional and stratal variations in the animal population were 
investigated and studied in relation  to the environment. It may be 
emphasized here that co llections of animals from the elm-maple for-* 
est, in the ordinary sense of the word, were not made. The data 
as to population depend on random sampling and not on general co l­
lecting.
As details in the study of seasonal and stratal succession 
some twenty-seven species present over a considerable period of tirnê  
or present in abundance over a shorter period, presented themselves 
for special examination. The problem of stra tifica tion  also at­
tracted further attention, and the defin ite stratal relations of 
certain of the spiders suggested the employment of these organisms 
in experiments involving gradients in environmental fa ctors , es­
pecially  those lik e ly  to play a part in producing the reactions 
resulting in stra tifica tion .
Another type of ecological study was undertaken in the at­
tempt to determine the effect of environmental factors on the length 
of time spent by a spider in tne cocoon during the winter, and 
early developments in this work brought to the attention the effect
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of tiie factors studied on tile time of emergence of a hymenopterous 
parasite infecting the eggs of the spider.
The methods employed ana results obtained in the projects 
outlined above w ill be presented in the same order in the following 
pages, and the exposition or results w ill close with a b r ie f resume 
and summary of conclusions.
A bibliography, together with an acknowledgment of the 
author’ s indebtedness to the many persons whose assistance has made 
this work possible w ill follow.
II METEOROLOGICAL OBSERVATIONS
1. Temperature. -  Temperature data were obtained mainly by the 
use of recording thermographs. During the greater part of the peri­
od of study tnree such instruments were in use, although minor ac­
cidents at times prevented the proper functioning of one or the 
other for  snort periods of time, and one fa iled  almost entirely dur-j 
ing the winter period of low temperatures.
The sensitive element of the instrument recording s o il  tem­
peratures wae placed with its upper surface 10 cm. below the surf­
ace of the s o i l ,  which was, in turn, covered by the usual carpet of 
leaves and other debris, making, perhaps, in a l l ,  a layer 15 cm. in 
thickness above the thermometer bulb. Qf the air temperature in­
struments, the sensitive element of one was exposed on the north 
side of an instrument shelter, within which the mechanical parts of 
the two instruments were housed. The bulb of this instrument was 
protected from the direct rays of the sun and from fa llin g  water, 
but was exposed to the free circu lation  of the air. The instrument 
shelter was located about 100 M. from the western edge of the forest
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in a lo ca lity  characterized by a mixed stand with elm and maple domif 
nant, but not excluding other trees and snrubs. This shelter was in 
Quadrat No. 76, according to the map in McDougall's (1S22) paper.
The shelter was so constructed as to expose the instruments at a 
height of about SO cm. from the surface of the ground.
The third instrument was of the self-contained type, and was 
suspended by means of a rope and pulley about 10 M. above the sur­
face of the ground, in a maple tree in McDougall' s Quadrat No.54.
In this case the sensitive capsule was protected from the sun's 
rays and from precipitation  by the instrument case. The clock 
mechanism of this thermograph did not work well during tne colder 
part of the year, and only partia l readings were obtained after 
December 5, and figures obtained after this date are not included 
in the tabulations or graphs.
A standard Weather Bureau type maximum and minimum thermome­
ter set was also installed  in the instrument shelter, with the bulbs 
exposed approximately as in the case of the recording instrument.
This was used in checking the thermographs. The thermograph in the 
tree could, of course, be checked with the mercury thermometers only 
when brought to the ground, which was done each week in order to 
change the record sheets. The ctner instrument, in the snelter, 
cbuld be checked by means or the absolute maxima and minima as well.
The weekly record sheets were changed, in a ll cases, on 
Monday morning. In order to make the data obtained from the thermo­
graphs available for use, it  was necessary to use some method of 
converting the linear records into figures. While, perhaps, many 
methods might have been used with equal success, the following prac­
tice  was followed.
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As the record sheets were ruled o ff  into two-hour intervals, 
this period was taken as the unit. The mean temperature for  each 
two-hour period was estimated and this mean recorded on the corres­
ponding portion of -tne record sheet. The average of these means wae 
then computed as the weekly mean temperature (Monday to Monday).
The daily maxima and minima were also averaged, the indices of vari­
ation being the mean daily rise of temperature above the preceding 
minimum and above the preceding base mean. By this la tter term is  
meant tne mean temperature between the hours of 8 P.M. and 8 A.M. 
This period was taken because of the fact that in a typical twenty- 
four hours it  is a period of re la tively  uniform temperature, or at 
least the period of most uniform temperature of the day. By 8 P.M. 
the evening rapid f a l l  or temperature has ordinarily been completed 
and, although the temperature may continue to f a l l  until 4 A.M. or 
5 A.M., the fa l l  is  a gradual one, and the morning rise begins soon 
after 6 A.M. On account of the slight variab ility  and the lag of 
the maxima and minima the base mean was not determined for the so il 
temperatures. Centigrade record sheets could not be obtained for 
some of the thermographs, so a ll  temperatures were f ir s t  recorded 
and a ll calculations made in terms of Fahrenheit degrees. The 
transposition to the Centigrade notation was made afterward.
The summaries of the a ir temperature data at 60 cm. and at 
10 M, are given in Tables I and I I ,  and the mean temperatures and 
mean variations are illustrated  graphically in Plates I and II. It 
w ill be observed that the highest temperatures occurred during the 
f ir s t  weeks of tne period of observation, and that there ms a 
gradual decline u n til the week of January 30. Marked variations 
from the general downward trend were noted during the weeks of
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September 5, October 31, November 21, and January 3. After January 
30 the trend was again upward. The most rapid declines in tempera­
ture were between October 31 and November 14 and between January 9 
and January 23. The variation, from week to week, of the mean range 
was almost as great as that of the mean temperature. The excessive 
temperatures of the f ir s t  weeks were accompanied by high variab ility  
but thereafter, until the end or October, the higher temperatures 
were accompanied by a smaller range. Again during the winter high 
temperatures were associated with a great mean daily range. In 
other words, the high means of mid-summer were occasioned by high 
maximum day temperatures, rather than by great elevation of noc­
turnal temperature, and the high means of late summer and early 
autumn are occasioned by a lack of the usual low nightly minimum.
The ch ief factor in producing a low mean in the winter, again, is 
tne absence of a high mid-day rise . The relations existing between 
the maxima and the "base mean" as described above is , accordingly, 
of great importance.
The differences between the temperatures at SO cm. and 10 M. 
are brought out clearly  in the tables and the graphs. With a few 
exceptions the weekly mean temperatures at 10 M. were higher than 
those recorded near the ground. Exceptions to this rule were re­
corded for the entire month of October and a portion of November. 
Observations at the German forest meteorological stations show, for 
deciduous forests , a reversal of the ordinary forest temperature 
gradient coinciding with the fa l l  of the leaves. Thus, during the 
leafless season, the forest agrees with the open country in exhib­
iting a decrease of temperature upward. If the observations at the 
higher level had been continued throughout the winter it  is
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probable that this reversal would have become more apparent. The 
mean difference in temperature at the two stations during the period, 
of complete records at both levels  was 0.36°C., which would corres­
pond to a difference of 1.94°F. per hundred fee t , or approximately 
the figures (3°F.) obtained by the German investigators, according 
to Harrington (1893).
The data of Lcrenz-Liburnau (1890) show an average difference 
of temperature between ground level and 11 M. in beech woods, ac­
cording to numerous scattered observations, as follows
Time Temperature at 0.0 M.
Minus Temperature at 11 M.
Early morning (2:55-6:25 A.M.) - 0 .1UC 
Forenoon (6:15-11:00 A.M.) +0.35° 
Mid-day (11:00 A.M.-3:00 P.M.) 1.07° 
Late afternoon (3:00-6:40 P.M.) 1.09° 
Evening (5:50-9:55 P.M.) 0.44°
These observations covered the period between May 33 and October 28, 
near Vienna. V/hile it  was not pradticable to  calculate from the 
thermograph records the differences for the various hours of the 
day throughout the period of observation, this was done for  what 
was considered a week of average days without any disturbing in­
fluences in the form of storms, high winds, e tc ., the week ending 
September 12. The temperature charts for the two stations for this 
week are reproduced as Plate 111. It w ill be noted immediately that 
temperature variations at the two levels are closely  related, and 
that the maxima of the higher station are somewhat higher, and the 
minima somewhat lower. A compilation oi the numerical data for 
each two-hour period of the day, as obtained from these charts
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gives the following results:





6-8 A.M. 16.28°C 16.11°C 0 .17°C
8-10 19.39 18.17 1.22
10-12 M. 22.06 20.78 1.28
12-2 P.M. 23.33 22.00 1.33
2-4 23.11 22.17 0.94
4-6 21.89 21.67 0.22
6-8 20.61 20.00 0.61
8-10 18.72 19,11 -0.39
10-12 N 18.11 17.94 0.17
12-2 A.M. 17.17 17/44 -0.27
2-4 16.44 16.61 -0.17
4-6 15. 39 16.33 -0.94
Average
Difference 0.34°C
This is illustrated  graphically in Plate IV. The average difference 
for this typical week is of the same order of magnitude as the aver* 
age for the period of complete records as previously given. The 
variations in the vertica l temperature gradient during the nycthe- 
meral cycle also seem analagous to its  variations during the annual 
cycle, in that a reversal takes place during the cooler periods in 
each case.
As the temperature at tne higher station is greater during 
the warmer hours, and lower during the early morning, it  follows 
that the mean variab ility  of temperature is greater at this level. 
This is  true during the summer and early autumn months, as w ill be
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seen "by inspection of Tables I and II and Plate II. During the la t­
ter part of the season the mean variab ility  is less at the higher 
level, due, probably, to the greater effect of the sun on the tem­
perature near the ground after the disappearance of the protective 
leaf-canopy.
Soil temperature is , of course, much more uniform than air 
temperature, and that within the forest, according to numerous ob­
servers, is  much more uniform than that in the open at an equal 
depth. This is due, of course, largely to the lack of insolation 
and to the protective blanket of leaves and other ground l it te r . 
During the months when the deciduous trees were in leaf the maxima 
came at about 4 P.M. and the minima about 8 A.M., although some­
times delayed until 10 A.M. The variations became greater a3 the 
leaves f e l l ,  then decreased again as the ground froze, remaining 
very slight throughout the winter. A sudden ri3e, accompanied by 
daily variations of as much as 4°C. occurred during the week of 
March 13. This represented the temperature changes accompanying the 
thawing of the so il moisture during a series of early spring rains.
Soil temperature data are given in Table III and illustrated 
in Plates I and II. Although the mean so il temperature showed vari­
ations in the main closely  correlated with those of the a ir near 
the surface of the s o il ,  this mean, during the summer, was about 5° 
below the air mean. Beginning with the week of November 14, a lag 
became apparent and the magnitude of the changes from week to week 
became decidedly less in the s o il .  Daring this period the mean 
temperature of the so il  averaged higher than that of the a ir , thus 
reversing the condition found in the warmer season.
In summer the temperature increases from the so il upward to
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the forest crown; in winter the highest mean temperatures are in 
the s o il , and temperature decreases upward. In summer the tempera­
ture is most variable in the forest crown and least so in the so il ; 
in winter the so il is  s t i l l  the most stable, hut the greatest vari­
ation is now found in the air stratum just above the s o il .
3. humidity. -  Humidity data were obtained by the use of re­
cording hygrograpns. Of these, one was an integral part of a com­
bined hyjgrothermograph located in the instrument shelter already 
mentioned in connection with the discussion of the temperature data. 
The other instrument was suspended in the maple tree also previous­
ly mentioned, with the thermograph. The hygrograpns were standard­
ized each week by reference to humidity data obtained by the use of 
a sling psychrometer of the approved Weather Bureau type, and were 
also carefu lly  compared after a snort period at the same level. The 
data obtained were treated in substantially the same way as those 
obtained from the thermographs, and the results are sim ilarly tabu­
lated in Tables IV and V and illustrated  in Plate V. In this case, 
however, the base mean has a high value because the period of com­
parative uniformity in relative humidity of the air is the period 
of the greatest percentage of saturation. This period fa l ls  between 
the same hours as those chosen to represent the temperature base 
mean. An additional column contains, for the 60 cm. station, data 
as to absolute humidity, expressed in millimeters of mercury partial 
pressure. The figures in this column were obtained by calculation 
from the mean relative humidity and the mean temperature for  each 
week.
The relative humidity curve shows a very low point during 
the third week twee& ending July 18) and two high points, during
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the tenth (ending September 5) and twenty-second (ending November 
38) weeks. The mean relative humidity ror the whole period lies  
somewhere about midway between the high and low points. The abso­
lute humidity curve rises and fa l l s ,  in a general waŷ  with the curve' 
just mentioned, with a general downward trend due to fa llin g  tem­
perature, There are several differences between the curves which 
can be explained by temperature variations. According to Lorenz- 
Liburnau (1890) relative and absolute humidity vary together in the 
same direction  in the forest, on account of the fact that the forest 
is a source of water vapor, as well as of cooling. The present ob­
servations show this to be true in general, during the summer and 
autumn months, but not to any great degree during the winter.
Examination of the variation curves shows that, in general, 
a wide range accompanies a low mean relative humidity. This is  be­
cause of the fact that the moisture content of the air rarely fa ils  
to reach saturation during the night hours, and a low mean relative 
humidity is almost always caused by a very low day-time value.
A comparison of the data from the station between the herb 
and shrub strata with those from the tree station shows an almost 
invariably greater mean relative humidity in the former situation 
and a greater mean daily range in the la tter . There were three 
slight exceptions to the latter statement, and four cases in which 
there was no difference in mean relative humidity at the two sta­
tions. The average difference fo r  the entire period of obser­
vation was 3.5fo,
Lorenz-Liburnau,‘s data show the following differences of 
relative humidity between the ground level and a height of 11 M., 
in beech woods:
Tims
Forenoon (6:17-11:00 A.M.) 
Mid-day (11:00-3:00 P.M.) 
Afternoon (3:00-6:18 P.M.)
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Relative Humidity at 0 M. Minus 




The greatest differences were observed to be between the 
ground and a height of 5 M. Data obtained by the use of atmome- 
ters, as w ill be seen later, would place the zone of the most rapid 
decrease in humidity within a meter of the surface of the ground. 
Lorenz-Liburnau obtained, as an average of 79 observations between 
May 33 and October 16, a difference of 7.73$ between the relative 
humidity at the so il surface and that at 11 M. His method, however, 
le ft  entirely out of consideration the hours between 9 P.M. and 
4:30 A.M.
The hygrograph records fo r  the week ending September 13 were 
analyzed in the same way as the thermograph records for  the same 
week, and the means for each two-hour period were obtained, with 
the following results:
Hours Mean R. H, 
at 0.6 M.
Mean R. H. 
at 10 M.
Difference
6-8 A.M. 95.0$ 95.0$ 0.0$
8-10 90.0 84.3 5.7
10-13 M 77.1 76.0 1.1
13-3 P.M. 77.0 71.3 5.7
3-4 80.5 70.3 10.3
4-8 86.0 73.7 13. 3
6-8 88.5 81.8 6.7
8-10 93.8 87.5 5.3
10-13 N S3.5 91.8 1.7
13-2 A.M. 93.7 92.0 1.7
3-4 94.0 93.0 1.0




See Plate IV for a graphic representation of the temperature and 
humidity variations during the "ideal day".
The low average difference as compared with that obtained by 
Lorenz-Liburnau may be explained by the fact that his observations 
le ft  out of consideration those hours when the humidity d iffers  
least at the various levels , and the fact that the lower level used 
in the present observations is not at ground level but SO cm. above,
Relative humidity of the a ir  is greatest at ground level in 
the forest and decreases upward, very rapidly at f ir s t  and then mor  ̂
slowly. During early morning hours or during fogs, rains, etc. , 
there may be no gradient. The temperature relation is  such that, 
even with the same amount of absolute humidity at the different 
levels, a gradient in this d irection  would be present. However, th^ 
gradient, especially near the ground is too abrupt to be caused by 
the slight temperature differences alone, and there is a gradient 
in absolute as well as relative humidity,.
3. Light. -  It was not possible, on account of lack of time 
and the unsuitability of apparatus at hand for  continuous obser­
vation, to conduct extensive observations on the quality and quant i-f 
ty of ligh t available for organisms at various levels of the woods, 
and at various times. However, a short series of readings was made 
with the Macbeth I llu  mi nometer. These readings were taken in the 
period between noon of August 29 and noon of August 30, while sup­
plementary readings were taken on July 30 and August 22. Both of 
the days last mentioned, however, were unfavorable for comparative 
observations on account of partia l cloudiness. On August 28 and on 
the day following, u n til about neon, the sky was clear, although 
somewhat hazy, and clouds did not begin to  interfere with the
1?
readings until after noon.
Observations were taken at tne ground lev e l, under the shelte 
of a lea f mosaic and at the height of 1.25 M. in a group of ta ll ma­
ples with fa ir ly  dense fo liage , and in a sunny glade at the western 
edge of the woods. The test plate was horizontal in position  in 
every case, and an amber colored f i l t e r  with a transmission factor 
of 1.8 was used to equalize the color values of the standard lamp 
and daylight. In most readings absorption screens of neutral color 
were used to bring the difference in brightness of the two fie ld s 
within the range of comparison of the instrument. The use of such 
screens is  indicated in each case by the inclusion of the screen 
factor in the table opposite the reading. The data obtained are 
tabulated in Tables VI, VII and VIII, and illustrated  graphically 
in Plates VI and VII.
Additional readings were taken at each station with the use 
of color screens, but as it has been impossible to obtain a spec- 
trophotometric analysis of these screens in comparison with a 
similar analysis of the light emitted by the standard lamp, the 
data thus obtained are omitted here. The results indicated, how­
ever, a variation through the day in the relative constitution of 
tne light as well as a difference in the quality of the light at 
different levels in the forest and in the open glade. As obser­
vations could not be taken at any two places at exactly the same 
time, any evidence based upon small differences must remain incon­
clusive.
v
As to intensity of light the results were, of course, much 
more defin ite and conclusive. The light at 1.25 M. but once during 
the day reached one percent of the intensity of fu l l  noon sunlight,
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and tile highest percentage reached at the ground lev e l, under the 
cover of her’oage, was 0.55f* of fu l l  sunlight. Both of the forest 
readings were, of course, taken in shade. Throughout tne day, 
flecks and small patches of sunlight find their way through the 
leafy canopy. Their intensity is d ifficu lt  to measure, hut the 
smaller flecks probably approximate one-half of fu ll  sunlight in­
tensity, and larger areas have their intensity but l i t t l e  diminished, 
Be that as i t  may, the difference between light at the lower levels 
in the forest and that at corresponding levels outside is very 
large, and the ratio  of light intensity between the ground stratum 
and the snrub stratum may be as high as one to three or four. This 
factor has been l i t t l e  considered in connection with the study of 
the distribution of animals, but it deserves thorough consideration 
now that inst'ruments for  its  measurement are being developed.
4. Evaporating Power of A ir. -  The use of the evaporating 
power of the a ir, determined by the porous cup atmometer, as a sum­
mation of the effects  of temperature, humidity, a ir movement, in­
solation, e t c . , has been too well established by various investi­
gators to require discussion here. During the season favorable for 
the use of the porous cup atmometer, i . e . ,  during the season with­
out temperatures below the freezing point of water, these instru­
ments were exposed in twelve d ifferent places in and at the borders 
of the woods. Although observations at a ll of the stations were 
not Degun on the same date, and although there were some interrup­
tions due to accident, a fa ir ly  representative series of readings 
was obtained.
The ataometers were mostly new and had been standardized by 
the manufacturers, a few which had been used had been standardized
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since tneir use by the I llin o is  Natural History Survey. A ll were 
again standardized at tne end or the period or exposure, and in 
some cases, standardizations were made at more frequent intervals. 
The weekly readings were then reduced to those or a standard at- 
mometer for purposes of comparison.
The cups were a ll  mounted on bottles f it te d  with two-hold 
rubber stoppers, and supplied with a f i l l in g  tube. Each week they 
were f i l le d ,  from a burette, to a mark on the f i l l in g  tube, which 
was covered at other times by a loosely  f it t in g  glass cap. The in­
struments suspended in trees were protected by a cylindrical guard 
of coarse wire netting. No rain correcting device was used, but 
this fact does not seem to have introduced discrepancies into the 
data.
Atmometers were exposed at the following stations:
1- On the top or the instrument shelter 1 M. above the surface of 
the ground, surrounded by large elm and maple trees and by lower 
trees and shrubs, such as ironwood, white ash, buck-eye, red oak;, 
spice-bush, red-bud, etc.
3- About 3 M. from the instrument shelter, on the ground, under 
cover of a thicket of Benzoin. The porous cup was about 10 cm. 
above tne surface of the ground.
3- At a height of 1.5 M. on tne south side or the trunk or an ash 
tree, 25 cm. in diameter, about 1 M. from the instrument shelter.
4 - At the same height, on the north side or the same tree trunk,
5- At a height of 2.5 M., suspended under a leafy branch of a 
small hard maple, about 3 M. from the instrument shelter.
6- In a hollow stump about 30 M. from the instrument shelter. The 
heart of the stump was decayed so that the cavity reached down
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almost to ground level. The cortex waa also broken away on the 
southeast side, leaving an opening about 20 cm. in width.
7- At the west edge of the woods in the short grass near the road­
side. This atmometer was stolen during the week ending August 1, 
and observations at this station were discontinued.
8- At a height of 6 M. in an elm tree about 10 M. from the instru­
ment shelter.
S- At a height of 10 M. in a maple tree about 50 M. from the in sta l­
ment shelter in a group of large maple and elm trees.
10- This instrument was f ir s t  exposed at a neignt of 12 M. at the 
top of the same tree as No.8. After September 12 it  was removed to 
the top of a buck-eye midway between the instrument shelter and Sta-f 
ticn  3.
11- At the east edge of the woods, in ta l l  grass. This station 
was selected after the interference with the atmometer at Station 7.
Table IX gives the data obtained from this series of obser­
vations. Plates VIII, IX and X illustrate  graphically the relation^ 
between the amounts of evaporation at the different stations. The 
relation between evaporation (at Station 1) and ra in fa ll (at Urbana)j 
is also shown by Plate XI.
Beginning at a rather high level during the f ir s t  week of 
observation, evaporation reached a maximum during the week ending 
July 18. This was followed by a rapid fa l l  and a minimum during 
the week ending September 5. From this point there was a gradual 
rise until October 24, when a second maximum occurred. The f ir s t  
maximum was clearly due to high temperature coupled with a lack of 
ra in fa ll, while the minimum follow ing was due to a heavy ra in fa ll, 
without, however, much diminution cf temperature. The second
31
maximum was due to a lack of ra in fa ll and to  the greater circulation  
of tne air and insolation due to tne fa llin g  of tne leaves. Severe 
frosts had occurred during tne week ending October 10, and it was 
feared tnat tne atmometera would be destroyed i f  le ft  out longer.
Tne instrument at Station 1 was l e f t ,  however, until it  was broken 
by freezing, during the week ending November 14.
Although there were a few minor exceptions, the data show a 
more or less constant gradient in the evaporating power of a ir , from 
the ground level upward. This is what would be expected in view of 
the gradients in humidity, temperature and light already discussed. 
Wind movement, a lso, probably increases upward, altnough no instru­
mental measurements of this factor were made.
Using the record of the atmometer at the instrument shelter 
as a basis for comparison, it  w ill be seen that, although the d if­
ference between the evaporation here and half a meter higher on the 
trunk of the small tree (Station 3) was very small, there were only 
two weeks during the entire season when a difference was not record­
ed. The difference between the north and south sides of the tree 
was negligible until the last three weeks, when it was about 0.9 o.c 
per day less on the north side. This difference was evidently due 
to the greater exposure to sunlight of the instrument on the south­
ern side. The differences between the 1 M. level anci the 1.5 M. 
level were greatest during the weeks of August 1, August 15, and 
September 5. These were weeks of comparatively great ra in fa ll, and 
the lower air strata were evidently more thoroughly saturated with 
moisture, due to the greater amount or water in the so il .
The evaporation from atmometer Number 5, suspended from a 
maple branch 1.5 M. above Number 1, and 1 M. above the instruments
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just discussed, followed that obtained from the latter very close ly , 
fa llin g  below in one instance, the week of August 1. This was a 
week of heavy ra in fa ll, as mentioned above, and under the dense 
cover of the maple branches the moisture laden strattan was thicker 
than under the less compactly fo liaged  trees. Also, during the last 
two weeks, the greater protection afforded by the maple branch 
caused the evaporation from this station to follow  that of Station 
1 rather than that of Stations 3 and 4.
The evaporation from atmometer Number 9, at 10 M. followed, 
in a general way, that at the stations previously discussed. It 
was, in almost every instance greater than at the other stations, 
the exceptions being the weeks of September 36 and October 10.
These exceptions are slight, and can be explained by the fact that 
the gradient became less marked at this time on account of the fa l l  
of the leaves, and that slight variations in any direction mig&t 
be expected due to the later fa l l  of leaves from some trees than 
from others.
The evaporation from atmometer Number 8, at 6 M. above the 
surface of the ground f e l l  between that from Numbers 5 and 9, as 
might be expected, except for the week of September 5, when it was 
almost as low as Number 1, and September 19, when it was higher thar, 
either. For the weeks of September 36 and October 3 it  was practi­
cally the same as fo r  Number 9. The rise in the last three weeks 
is  probably explainable by the earlier f a l l  of the leaves of the 
elm tree and the greater exposure to the west wind.
Atmometer Number 10, at the upper margin of the forest crown 
showed, naturally, the greatest evaporation or a ll . The drop in
J
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tiie evaporation from this instrument ana from Number 8 during trie 
week of September 5 was partia lly  due to the accumulation of air in 
the porous cups. The readings are given, however, as they were ob­
tained.
Atmometer Number 3, near the ground varied almost exactly 
with Number 1, with an average difference of 3.3 c .c . per day.
The evaporation in the hollow stump (atmometer Number 6) 
followed that from atmometer Number 3, except, apparently, for the 
weeks ending July 11 and 18. This discrepancy was probably due to 
an error in f i l l in g  the bottle on the former date. It was located 
in very poor light, and an error of that kind was easy to make.
The evaporation from the forest edge stations is not illu s ­
trated in plates V lli and IX. That at the west forest edge, in 
short grass, was very much higher than elsewhere, with the exception, 
of the tree tops. At the east forest edge in long grass, the evapo­
ration was about the same as at 6 M. in the woods.
Plate X gives the comparative evaporation at the various
stations, computed as the average daily rate between July 1 and
• v •
October 10. In the case or Stations 1 to 6 inclusive, the calcu­
lations were made d irectly . In the case or the others, where ob­
servations did not cover the entire period, the result was obtained 
by comparing the evaporations recorded with those recorded at Sta­
tion 1 for the same dates, and assuming that the same relative ra­
tios  would hold for the entire season. The values thus obtained 
were as follow s:
Station 6 8 9 10 11
M ean Wkly.Evap.c.c. 9.16 5,96 9.90 9.63 10.4 4.14 14.03 13.30 13.31 15. ?1 11.91.
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The gradient of the evaporating power of a ir in the forest 
is  very striking, stations less than a meter apart, v ertica lly , 
showing defin ite and constant differences. This is  particularly 
true at the lower levels . At the higher levels the gradient s t i l l  
persists but is subject to irregu larities due to the greater expos­
ure and lack of uniform conditions. The steepest gradient, also, 
is  near the ground. An organism passing from the air stratum just 
above the so il to the top of a tree would enter a region of three 
times the average evaporating power, and many more times the di­
urnal variation in evaporating power. Evaporating power is more 
than doubled in passing from the herb stratum to the upper shrub 
stratum. It is probable that conditions under fa llen  leaves and 
debris are somewhat approximated by those in the hollow stump. An 
animal traveling from the interior of such a hollow stump to its top 
would be subjected to double the evaporating power. Such consid­
erations serve to point cut the extreme importance of this environ­
ment factor and to emphasize the steepness of the gradient in that 
region of the forest in which s tra tifica tion  of animals is most
V
complete.
I l l  BIOLOGICAL OBSERVATIONS
1. The Animal Population as a Whole. -  An attempt was made, 
throughout the period of study, to  obtain co llection s , or rather 
samples, of the animal population as nearly equivalent as possible 
and in a manner at least roughly quantitative. All co llections 
were made near the meteorological stations previously discussed, 
and collections from the different strata were generally made on 
the same day. There were exceptions to this rule, particularly in
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the f ir s t  part of the season. In a few instances, a week was al­
lowed to pass without a sample being taken from one or more strata, 
but this was unusual, except during the coldest part of the winter, 
when few collections were made in the shrub stratum. In the tables 
and the text a ll  collections are dated according to the last day of 
the week in which the collection  was made, reckoning from Monday to 
Monday. This day was chosen for  convenience because of the facts 
that the thermograph and hygrograph sheets were changed at this 
time, and that means of climatic factors could be computed most 
easily sheet by sheet.
Because of the unusual d if f ic u lt ie s  attendant upon quanti­
tative co llection  from the tree strata, no systematic samples were 
taken from this level. The remaining strata considered were the 
Shrub, Herb, and Ground strata. Because of the constant presence in 
the forest of a blanket of leaves on the surface of the s o il ,  the 
Ground stratum was divided, fo r  the purpose of this study, into two 
parts, which w ill be referred to as the Leaf and Soil strata. Of 
the la tter only the upper 10 cm. were considered.V
The unit sample from the so il  and lea f strata was taken from 
an area 2 f t .  (0.61 M.) square. Leaves and other debris from this 
area were f ir s t  gathered and placed in boxed made of fin e  wire 
screen, the contents of which were later sorted in the laboratory 
after the animals had been quieted by the use of ether. After the 
leaves had been removed the so il of the bared area was carefully 
gone over to a depth of 10 cm. and a ll  animals obtained placed in 
vials for further assortment in the laboratory.
The unit sample from the herb and shrub strata was tnat ob­
tained by ten 3hort dweeps through the vegetation with an insect
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net whose sub-circular opening averaged 30 cm. in diameter. The 
contents of the net, a fter sweeping, were transferred to screen 
cylinders or to paper bags, and taken to the laboratory for  further 
examination, in the same manner as above described for the leaf 
samples.
It is  not claimed that there is any exact correspondence in 
the numerical data as obtained from the different strata by tnese 
methods, although the ratios so obtained are probably in the right 
direction and of the right order of magnitude. The method of co l­
lection  was probably most e ffic ien t with respect to the leaf stra­
tum, the so il stratum and the herb and shrub stratum following in 
the order named. Assuming the average depth of the herb stratum to 
be 0.5 M. and the average length of the sweep of the net to be 1.0 
M., i t  w ill be found by calculation that ten such sweeps include 
approximately the volume of vegetation above the unit area. The 
foliage of the shrub stratum may also be assumed to be of approxi­
mately the same depth, altnough the relative efficiency  of the 
sampling method is less in this stratum.
The numerical data obtained from samples taken in the manner 
described above are given in Table X and the relations are illu s ­
trated graphically in Plates XII and XIII.
Examining f ir s t  the curve representing the tota l population 
in a ll  strata considered, we fin d  a fa l l  in the fourth week (the 
week of July 25) corresponding to an increase in the evaporating 
power of the air at this time. At the beginning of the period of 
study, the woods were rather dry, due to a protracted period of 
heat and drouth during June, and the animal population was already 
small. Sanders and Shelford (1933) found an increase of population
2?
under conditions of drouth and high temperature in a pine-dune com- . 
munity. This suggests an important difference between the two com­
munities. With the increase in moisture content of the a ir (and of 
the s o il - le a f  strata) during the following weeks, there was a marked 
increase in the size of the co llection s , and the great increase 
culminating in the high maximum during the fourteenth week (ending 
October 3) might seem to be largely due to this cause. A gradual 
decline in temperature had been going on, however, together with a 
considerable increase in mean variab ility  due to lower temperatures 
at night, so that, while the in it ia l  increase was certainly due to 
a return to moisture conditions nearer to the optimum for  the spe­
cies concerned, the sudden and great increase in the number of or­
ganisms taken in the samples was due almost entirely to the great 
autumnal migration toward places of hibernation. An analysis of 
the samples taken at this time showed that the great maximum was 
caused almost entirely by a few genera of beetles and two genera of 
C icaaellidae, a ll  hibernating species in course of migration from 
the forest margin to the lea f stratum of the more protected portion 
of the woods. Following tnis maximum, the fa l l  was again rapid, 
as temperatures continued to f a l l  (the f ir s t  heavy frost was the 
night of October 4 ), which doubtless stimulated the insects in ques­
tion to seek more complete snelter. The peaks in the tota ls curve 
after November 12, the date of the f ir s t  ice  formation, were caused 
by samples taken on warm days wnen insects partia lly  emerged from 
.Hibernation, or at least, approached near enough to the surface of 
the so il or leaf strata to be collected .
The relative relations of the size of population in the va­
rious strata may be discussed with interest. The largest numbers,
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during tne summer months, were found in the leaf and herb strata, 
and, for the most part, tne curves representing the populations of 
these two layers seem to vary together. Both showed marked minima 
during the excessively dry week of July 25, and both rose as the 
weather became more favorable. The leaf stratum as well as the herd 
stratum exhibited the marked maximum of October 3, due to the in­
flux of hibernating insects. The low point in the leaf stratum 
curve for  October 17 may be due to tne cnance selection  of a poorly 
inhabited area. At any rate, a fter the f a l l  in the herb stratum 
curve, there was a second maximum, due evidently to the downward 
migration of the insects which were, the week before, in the herb 
stratum. After this date, the decline of tne herb stratum curve 
was very rapid, and the course of the totals curve was almost en­
t ire ly  governed by that of the lea f stratum. The large numbers 
found in certain of the late winter collection s were partly due to 
the appearance of larvae of forms passing the winter in th is state.
The snrub stratum showed, in general, variations in popu­
lation paralleling those of the strata below. It is of interest, 
however, to note that the autumn maximum in tnis stratum came a 
week earlier than that of the herb stratum. The co lle ction  of this 
date, a lso , was the only one showing a larger population in the 
shrub tnan in tne herb stratum. This relation  was due to the fact 
that the insects of the forest margin f ir s t  migrated inward at the 
level of their occurrence in that lo ca lity , later migrating down­
ward for hibernation. This instance a ffectin g  the populations 
of the shrub and herb strata, and the instance mentioned previously! 
for the herb and leaf strata are the only cases of evidence from 
numerical data alone of stratum to stratum migrations.
29
The most striking phenomenon of the entire period covered by 
the collections was this autumn hibernating reaction, evidenced by 
migration inward from the forest margin and downward to the forest 
floor . The principal inciting factors seem to be the f a l l  in 
temperature and the great daily range of temperature of the early 
autumnal period. The fact that a large number of species react 
alike and at tne same time to the same stimulus or combination of 
stimuli shows a large degree of similar adjustment to the climatic 
rhythm of the temperate savanna region on the part of characteris­
t ic  insects of that region. This phenomenon w ill be discussed more 
fu lly  in connection with the consideration of the records of the 
occurrence of individual species in the samples. Tables XXIV to 
XXXIV, inclusive, give details as to  the sp ecific  make-up of the 
co llections insofar as determinations have been made at this time.
A few important groups, notably the Lepidoptera and the greater 
part of the Heteroptera remain unidentified at this date, due to 
delay in transit or unavoidable delay on the part of the specia lists 
to whom they have been submitted.
2. Dominant Specie s . -  Certain species which were present in 
the samples over a considerable period of time, or abundantly for 
a shorter period, were chosen for further study from the standpoint 
of seasonal succession. A3 the study did not begin in early spring, 
nothing of the character of a phenolcgical analysis could be made, 
but it  is  fe lt  that the data obtained may, nevertheless, be of some 
value.
The animals chosen were, for  the most; part, arthropods, — 
spiders and beetles, because of tne greater abundance ana more con­
spicuous character of these groups, tiemipt era might have been
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used in large numbers, but, aside from the C icadellidae, and other 
less abundant fam ilies, the systematic identifications were not re­
ceived in time for inclusion at present. Outside of the Arthropoda, 
the Mollusca furnished the only group su ffic ien tly  abundant to be 
of use in this phase of the study.
The data obtained as to seasonal succession and seasonal 
variations in abundance may best be illustrated  by reference to 
Plates XIV to XXII. In Plates XIV to XVIII vertica l distribution 
as well as time distribution is represented. The distribution of 
each species found in more than one stratum is  indicated by a sepa­
rate so lid  frequency polygon for  each stratum, the base line for 
each stratum being separate. Time is represented as in Plate I and 
others, by vertical lines at five-week intervals and by less con­
spicuous divisions at one-week intervals. The vertica l scale is 
always the same for the same species, but is not necessarily the 
same for  different species.
Mollusca
Polygyra t hyroides (Say) Plate XIV
This snail was found abundantly in the leaf stratum during 
the week ending July 11, and in smaller numbers thereafter. There 
were a few individuals in the herb stratum at this time, and with 
the approach of a period of re la tively  high humidity large numbers 
were evident in this stratum. The maximum number was found during 
the week ending August 8. Dryness again prevented the snails from 
ascending to this stratum for a time, but a second period of low 
evaporation allowed them to ascend even to the shrub stratum, where 
they were found in maximum numbers on September 11. This series 
of observations illustrates very clearly and defin itely  the relatic::,
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of these snails to moisture. Baker found thyroldesin a wide varie­
ty of habitats and it  seems to be able to enduee a considerable 
amount of dryness.
Ciroinaria conoava (Say) Plate XIV
The normal habitat of this carnivorous species is in the 
leaf and so il strata, and it  is found only occasionally on low 
vegetation, as was the case on August 8. The periods of maximum 
abundance, or rather, the periods when the greater numbers were 
taken, corresponded to periods of low evaporation. It should, per­
haps, be mentioned that the f ir s t  maximum shown by the frequency 
polygon was occasioned by animals found in the so il stratum, while 
the second maximum was due to snails from the leaf stratum. The 
latter were found during the period of greater humidity. The leaf 
stratum is ,  of course, more subject to drying than the s o il  stratum, 
A single hibernating individual was taken from the so il stratum 
January 9.
Vitrea indentata (Say) Plate XIV
The occurrence of this snail can not be explained on the bas­
is of moisture, as is the case of the other two. The f ir s t  maxi­
mum, on October 3, coincides with a period of high humidity, but 
the second, on October 31 and imovember 7, does not. These co llec­
tions may, perhaps, be explained on the assumption that the sample 
included groups which had come together for hibernation. Single 




Nctcxus monodon Fab. Plate XV
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This beetle (Anthicidae) was f ir s t  taken from the herb stra­
tum August 39, the maximum at this level being reached during the 
week of October 3. It is  a forest margin species hibernating in 
the forests, ana its  early appearance on forest herbage represents 
the f ir s t  step in this migration. Very large numbers were found 
among leaves on the ground October 31, and during the entire winter, 
on warm days, especially , considerable numbers were taken from this 
Stratum.
Telephanus velox Hald. Plate XVI
This beetle \Tas found on herbage October 3, and thereafter 
throughout the entire winter in the leaf stratum. The maximum oc­
currence was on November 7.
Phalaorus politus Melsh. Plate XVI
Included in the chart in Plate XVI are other PhalacTiridae as 
well as Phalaorus p o litu s . to which species most of the family 
taken belonged. They were among the most abundant beetles found
after September 36, when they were observed in the samples from a ll
v
three strata. The numbers from the shrub stratum were small, how­
ever, and none were taken from this level a fter October 31. The 
maximum in the herb stratum came October 3, and on this date, also, 
was the f ir s t  maximum for this family in the leaf stratum. A sec­
ond maximum appeared on November 7. The week ending November 7 was 
characterized by three fa ir ly  heavy frosts , and a marked general 
fa l l  of temperature. The f ir s t  maximum, on October 3, followed a 
period of fa llin g  temperature, and great variation between night anc. 
day, without, however, any actual freezing temperature, while the 
maximum in the leaf stratum followed a similar period with consid­
erable lower temperatures. P. politus is a forest margin species
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and its  presence in tne denser forest was an indication of a hiber­
nation migration. The species was found a ll  winter in hibernation 
in the lea f stratum.
Glyptina sp in a  Lee. Plate XVII
This uhrysomelid was found in the shrub stratum from Septem­
ber 5 to November 7, and after that date in the leaf stratum. A 
few individuals were also swept from the herb stratum on November 
21, which was a comparatively warm and sunny day. The summer habi­
tat of this species is the forest border and roadside, and its ap­
pearance in the forest collections is due to its  hibernating re­
actions. Individuals were found throughout the winter, especially 
on warm days.
Epitrix orevis Scnw. Plate XVII
Enormous numbers of E. brevis were swept from the herb stra­
tum October 3, the f ir s t  individuals being taken from this level on 
September 19, and the last, October 17. A few were swept from the 
shrub stratum during the week of September 26, and a few hibernat­
ing individuals were obtained January 16 and 33. The sudden ap­
pearance of this beetle represents a migration, en masse, in prepa­
ration for hibernation. The small numbers taken during the winter 
are due, evidently, to deep hibernation. Beetles of this size and 
color would also be d if fic u lt  to distinguish in s o i l ,  so that per­
haps some may nave escaped notice.
Epitrix fuscula Crot. Plate XVIX
While not found in as large numbers as the other member of 
the genus, this l i t t l e  beetle was fa ir ly  abundant arter September 
26. None were found elsewhere than in the leaf stratum where 
hibernation took place. It was found in much larger numbers through
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th®winter than E. brevis. This, a lso, is a forest margin species, 
feeding principally on plants of the family Solanaceae, near the 
roots of which the eggs are la id  in the spring. According to Somes 
( ) there are three broods per year in Missouri.
Chaetoonema ocnfinls Crot. Plate XVI11
This forest border species was f ir s t  taken from the shrub 
stratum September 19, becoming abundant on September 26. There­
after the numbers appearing in the samples decreased gradually. One 
individual was taken from the lea f stratum November 14. It is 
probable that the species hibernates in such situations as not to 
be found ordinarily by the methods of co llection  used in the pres­
ent instance. The sudden appearance of the insect indicates a fo r— 
estward migration following temperature conditions characterising 
the approach of autumn.
Phyllotreta sinuata Steph. Plate XVI11
This species of the forest border and meadow was found in 
small numbers on Juljr 18 in the lea f and so il strata, but the real 
migration did not begin until October 3, culminating in a maximum 
on October 17. Hibernating individuals were noted in the co lle c ­
tions throughout the winter, the number observed increasing with 
the f ir s t  warm days of the season. The principal migration of this 
beetle , apparently, took place only after several rather severe 
frosts.
Longitarsus melanurus Melsh. Plate XVIII
Although taken from the herb stratum only, the frequency 
polygon of this beetle is typically  lik e  those of other beetles 
coming to the forest for hibernation, and it  is probable that hiber­
nation took place in situations from which collections were not
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made. This species is  round during the summer in the rank herbage 
along roadsides and in other similar situations.
Chalepus nervosa Pans. Plate XV
Although present in the herb stratum throughout the summer 
this species became most abundant September 36. It was swept from 
the shrub stratum, also, on September 13. It seems to be a charac­
te r is t ic  forest border species, and the principal larval food plant 
is said to be the dogwood. The adult is normally found on weeds 
and shrubs of many kinds, perhaps more especially on the goldenrod. 
Two generations occur, the f ir s t  maturing in mid-summer, and the 
second in autumn. It was evidently this second, hibernating, gene­
ration which caused the maximum of September 36. Hibernating indi­
viduals were not found.
Diabrotloa vittata Herbst. Plate XV
The striped cucumber beetle is  a forest margin beetle  which 
has become a pest by invasion of cultivated fie ld s . Autumn finds 
many individuals in the forest in preparation for hibernation. The 
fir s t  large co llection  was from the leaf stratum on September 13.
On sunny days, later it  was swept from shrub and herb strata. Re­
mains of dead beetles found during the winter indicated that the 
number completing hibernation is  probably rela tively  small. Proba­
bly only those in the most protected situations are able to survive. 
Mating takes place in early spring on Crataegus and Prunus. typical 
forest margin trees.
Phytoncmus n ig tirostr is  Fab. Plate XVI
The lesser olover-lea f weevil seeks it s  hibernating Quarters 
very early in the season. According to Mr. Faustino Otanes, who 
made systemmatic co llections on alternate days from a clover f ie ld
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on the experimental farm of the University of I l l in o is , very few 
ivere found there a fter July 7. They were found, in small numbers, 
in the woods in the herb and leaf strata from the beginning of the 
series of co llections. None were swept from herbage a fter Septem­
ber 33. Maximum collections were made from the leaf stratum on 
September 13 and October 31. The former date followed a week of 
declining temperatures, which evidently caused greater numbers to 
seek the protection of the leaf stratum, while the la tter date was 
in a period of rising temperature. Throughout the winter these 
beetles were found in the leaf stratum in increased numbers on warm 
sunny days, indicating a vertica l migration according to tempera­
ture. Phytonomus n igrirostris is  an introduced species, coming 
from Europe, and was f ir s t  co llected  in I ll in o is  by Mr. W.P. Flint 
in  1313.
The large numbers of beetles in the late summer and autumn 
collections were mostly due, evidently, not to species feeding and 
breeding in tne fo rest , but to forest border and prairie species 
which migrate forestward in preparation for  hibernation. Many of 
the leaf-beetles belonging to the forest proper also hibernate, but 
in no case were the numbers taken in random sampling su ffic ien tly  
large to warrant the construction of frequency polygons illu s tra t­
ing their relative abundance. The question of how far into a larg­
er forest species such as these would penetrate for hibernation is 
unanswered. It is probable that the distance would vary with d if -  
ferent species, but the tract of woodland studied was too small to 
afford a solution of this problem. The typical sequence of events, 
insofar as indicated by the collection s is about as follow s.
In most of the species considered the stimulus in itia tin g
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migration seems to be the gradual increase, in late summer and earl;? 
autumn, in the daily range in temperature, caused by lower night 
temperatures. Some species seem to require the additional stimulus 
of a frost of greater or less intensity, while others which appear 
in the forest very early seem net to require this stimulus. The 
disappearance or maturation of the food plant may be a factor in 
some cases, or hibernation may follow  a peridd of abundance of food, 
The most of the beetles, in the present instance, appeared in maxi­
mum numbers between September 23 and October 3, a period character­
ized by fa llin g  temperatures and a marked drop in the night minimum. 
In the forest, the beetles appear f ir s t  in large numbers in j 
the stratum corresponding to that in which the summer portion of 
their l i f e  history is spent. I f  the principal summer food plant is 
found in the high forest margin, the f ir s t  appearance is in the 
shrub stratum. If the summer habitat is  the low forest margin or 
meadow, the insects f ir s t  appear in the herb stratum. A downward 
migration follows under the stimulus of an additional f a l l  in tem­
perature or additional frosts. Insects from the shrub stratum seem, 
in most cases, to spend a short period of time in the intermediate 
herb stratum before seeking the fin a l place of hibernation in the 
leaf or s o il strata. Warm days may reverse the course of migra­
tion at any point, and even in winter, high temperatures bring hi­
bernating insects nearer to the surface, so that they are taken in 
greater numbers under such conditions. Thus, in most cases consid­
ered, at least, the defin ition  of hibernation as used by Baumberger 
(1817), that of a period of quiescence persisting after a rise  in 
temperature, does not apply.
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Hem ipt era 
Cicadellidae
Certain leaf-hoppers exhibited phenomena very similar to 
those discussed for the beetles. The frequency polygons of Plate 
XIX represent the numerical relations in th is group. These poly­
gons are not solid , as those in the previous plates, but otherwise 
the manner of representation is similar. No attempt is made to 
represent the strata in which these insects occurred.
Empoasoa viridescens Walsh.
The leaf-hopper named above was not noted at a ll  until Sep­
tember 19, and appeared in very large numbers on September 36, prin­
cipally  in the herb stratum, but to  a lesser extent in the shrub 
stratum. It was swept from these strata in very large numbers dar­
ing a period of about six weeks, the largest numbers occurring on 
September 36 and October 31. The intervening period was marked by 
low temperatures, which probably caused the insects to re t ire  to 
more sheltered locations. Leaf-hoppers are also known to migrate 
downward to the base of herbage during dry weather, so that the 
numbers obtained by random sweeping are less under such weather 
conditions. After December 1, no Cicadellidae were found elsewhere 
than in the leaf stratum and in the so il below. They were more 
abundant in the collections on warm days when they could be seen 
moving about above the surface of the leaf layer. They emerge very 
early in the spring, as soon as food plants are available.
~ y
Erythroneura ohliqua Say (and varieties)
The frequency curve for this leaf-hopper, in almost a ll  poin' 
is similar to that fo r  the form just discussed. The f ir s t  maximum 
occurred a week later and the second maximum was relatively  higher.
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Only a few were found in the herb and shrub strata, and practica lly  
a ll were taken from the leaf stratum. Greater numbers or this spe­
cies were taken throughout the winter than of the preceding.
Frequency polygon "t" of Plate XIX indicates the occurrence 
of a ll  species of Cicadeliidae. As w ill be seen, it  i s ,  for the 
greater part of its  length, merely an expression or the sum of the 
two polygons previously discussed. It indicates, however, the oc­
currence of a few individuals of other species during the summer.
Two or three other species were also observed in small numbers in 
hibernation during the winter.
Araneae
Uloborus americanus Walck. Plate XX
The frequency polygons illustratin g  the occurrence or this 
spider is  in two parts, the heavy line representing the adults and 
the light line the juveniles. Adults, at f ir s t  more abundant than 
the young, disappeared entirely a fter October 17. The f ir s t  young 
were taken August 23, and increased rapidly in numbers u n til Octo­
ber 17 after which they, also, disappeared from the co llections.
This species hibernates when half-grown, reaching maturity in early 
summer. The young spiderlings emerge from tne egg in the latter 
part of July.
Dictyna Plat e XX
Most of the young spiders of this genus probably belonged to 
the species volupis, but were too young for positive identifications 
The web of this spider is made in the hollow of a sligh tly  rotted 
lea f, where the eggs are deposited in July. Young and half-grown 
individuals were abundant August 28, and the largest numbers for 
the season were taken on October 3. The numbers then declined,
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and a fter October 34 none were found except in hibernation in the 
leaf stratum. As was the case with the beetles and leaf-hoppers, 
these spiders were found more abundantly on the warm winter days. 
Tetragnatha Plate XXI
Adults and young of this genus were not found together, as 
the former appeared in the co llections only in the very early part 
of the season, none at a ll being found after the second week in 
July. The young appeared f ir s t  on October 24, and f ir s t  became 
abundant on November 31. The maximum occurred on December 19.
These spiders were found almost invariably in the snrub and herb 
strata, very few being found in the lower strata even during the 
very cold weather. Hibernation, in Tetragnatha, simply means seek­
ing a somewhat sheltered place in a crevice in the bark or some 
similar location, for a few hours or days when weather conditions 
are very unfavorable. As soon as the air becomes sligh tly  warmer, 
the spiders emerge and again become active,
Epeira gibberosa Hentz. Plate XXI
This species was the most abundant spider during the later 
summer months, reaching a maximum during the week of August 39.
None were found after November 7. This species does not hibernate 
in the adult stage, but eggs are deposited during the early autumn.
Cocoons of this species are formed from the small folded 
leaves of shrubs, the petioles of which are reenforced by strands 
of s ilk  and which are lined and fastened together at the edges with 
silk . These cocoons became very numerous after October 15. One 
other unknown species forms similar cocoons, generally in larger 
leaves and at a greater height from the ground. The eggs hatch 
within a month or so after deposition, and tne young pass the
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winter in the cocoon, to emerge in the spring. Experiments to be 
detailed later indicate that there is a period of dormancy after th: 
emergence from the egg of the young spider, and that, although 
favorable conditions may bring about emergence from the cocoon of 
spiders which have not been subjected to prolonged low temperatures, 
those which have experienced such temperatures emerge i$ore quickly 
upon the return of favorable conditions.
The cocoons are very heavily parasitized by a hymenopterous 
insect, Araohnophaga picea Riley. Of 52 cocoons examined on Janu­
ary S, 32 were found to have been parasitized by some organism 
which had already emerged, and four were found to contain hymen- 
opterous larvae, of which there were, in each case, two. Of 350 
cocoons used in experiments, 47 produced from one to five  indi­
viduals of A. picea. In the greater number of cases, there were 
two insects, one male and one female, in each cocoon. Single indi­
viduals of each of two other species also emerged from other co­
coons of the same lo t .
Epeira Plate XXI
Figure 1 of this plate illu stra tes , f i r s t ,  by the heavy line, 
the occurrence of adults of Epeira hortorum Hentz, and second, the 
occurrence of young, probably of this species. Adults were found 
on August 3S and October 10. The young were abundant a fter Sep­
tember 5 and were found persistently, although not as abundantly, 
throughout the winter. Like Tetragnatha, they were found, not in 
the lea f and so il strata, but on herbage.
Acrosoma rugcsa Hentz Plate XXII
This conspicuous spider was very much in evidence during the 
late summer. Only a single male, the importance of which j. s
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considerably exaggerated in the figure, was taken on July 11. While 
the females must have been as abundant at this time as later they 
did not reach their greatest prominence u n til the end of August. 
After this the numbers decreased rapidly, and the last one was tak­
en October 10. This species does not hibernate in the adult stage, 
but passes the winter in the egg. The small so lid  polygon in 
Plate XXII, Figure 3, indicates the date of observation of A. spinea 
Bentz, two individuals of which were taken August 15.
Xystious elegans Keys. Plate XXII
Adults were found in small numbers during the earlier part 
of the season, the last on October 10. The young were very numer­
ous throughout the summer and the greater part of the winter.
Maxima were evident on August 1 and October 17. After the latter 
date none ?;ere found in the herb stratum whence the majority were 
taken during the summer. A large number also appeared from hiber­
nation on February 20 and 27, a fter the ground had been warmed by 
a series of warm days.
Anyphaena rubra Emer. Plate XX
Spiders presumably of this species, mostly immature, were 
taken throughout the season, the maximum number being recorded for 
October 17, mostly in the herb and shrub strata prior to November 
14, and in the leaf stratum after that date. Adults mature in 
early summer and hibernation takes place in the half-grown state. 
Large numbers were taken from ro lled  leaves during October. An 
increase in the number of individuals in the collections was noted 
during the warm weather of the la tter part of February. 
Dendryphantes aestivalis Emer. Plate XX
The frequency polygon for  this species is almost exactly the
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same, except for a slightly  earlier appearance or the young, as 
that of U1 chorus previously discussed. In the latter part of the 
season, many young were found in rolled  leaves, evidently in prepa­
ration for hibernation. 
linyphia phrysciana Koch
Young of this species were abundant during the entire summer 
and autumn. The last to be swept from the shrub stratum were ob­
served on November 28. A hibernating individual was found in the 
upper so il layer on December 12, and specimens were again found on 
low herbage as early as January 9, A3 this species matures in 
April and May, adults had almost entirely disappeared by July.
The spiders lis ted  above, unlike the beetles present in suf­
fic ien t numbers to allow consideration under this head, are perma­
nent residents of the forest, instead of forms coming to the forest 
mainly for purposes of hibernation. In some cases the frequency 
polygons expressing the relative abundance of certain species of 
spiders seem quite similar to those of the beetles, with the maxi­
mum somewhat less abrupt. The r ise  here, however, was not due to 
an inward migration of the species but to the growth of the young 
spiderlings and, in some cases, to  their migration through a rela - 
tively  short distance to the location  in which they were taken.
The species having th is form of curve are those which spend the 
hibernation period as approximately half-grown juveniles, and ma­
ture early the next year. In many instances adults were not present 
in tne co llections at a il ,  due to their early period of maturity.
The species of this group (Dendryphantes a estiva lis , Uloborus 
americana, Anyphaena rubra, Diotyna volupis and Xystious elegans 
constitute a unit in so far as adjustment to the clim atic rhythm
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of the temperate deciduous forest is concerned, as the differences 
in tneir annual cycle are snail and relatively  unimportant. An­
other less homogeneous group is exemplified by Acrosoma rugosa and 
Epeira gi'oberosa, which spend the winter within the egg case. In 
these the l i f e  cycle is  much the same except that the period of 
dormancy comes earlier in the l i f e  of the individual, and the period, 
of maturity comes later in the summer. Tetragnatna. Linyphia 
phrygiana and Epeira hortorum belong, loosely , to a third group, 
d iffering mainly in the degree of a ctiv ity  during the winter. 
Tetragnatha seems also to show a more rapid rate of development, or 
perhaps more continuous development through the winter, as indicate:, 
by the earlier maturity and the later appearance of the ycung.
IV. EXPERIMENTAL RESULTS
1. Reactions of Animals in Gradients. -  In spite of their 
many points of unsuitability for  experimental work, spiders were 
chosen for the experiments involving gradients in environmental 
conditions. This was done because of the very definite stra ti­
fica tion  of certain species. Practically  a ll of the web-building 
species show rather narrowly lim ited stratal relations. As exam­
ples the height above the ground of the web of the following spe-
cies taken in the area considered may be c it  ed:
Species Average Maximum Minim; urn
Height Height Height
Acrosoma rugosa 1.35 M 2.25 M 0.3 M.
Acrosoma spinea 0.7 M
Linyphia phrygiana 1.5 M 3.0 M 0. 3 M





Uloborus americanus 0. 7 M 3.0 M 0.3 M
Epeira gibberosa 0.7 M 3.0 M 0.3 H
Hyptiotes cavatus 1.0 M 1.5 M 0. 3 M
These averages are a ll  based on a large number of co lle c ­
tions, with the exception of Acrosoma spinea, and the la tter  is  in­
cluded here only for  comparison with A. rugosa. According to 
Shelford (1313) this species is  usually found s t i l l  lower.
Of the species mentioned above only a part were suitable,on 
account of abundance, size , and other characteristics, for prolonged 
experimentation. Faults for this purpose of some of the species 
su ffic ien tly  abundant were small size , pugnacity, sluggishness, ten­
dency to build  a maze of web in the experimental cage or to make a 
silken retreat in a corner of the cage no matter what the conditions 
of the a ir might be. One familiar with the behavior of spiders w ill 
readily supply additional d if f ic u lt ie s  inherent in most species.
The f ir s t  series of experiments, undertaken with Acrosoma 
rugosa only, was an attempt to determine d irectly , i f  possib le , the 1 
relation of various factors to the height at which webs of the 3pe- 
cies are b u ilt . In a preliminary experiment ten spiders were placed, 
in a small screen cage 45 cm., high and le ft  over night on a table 
in the laboratory. The next morning a ll  had bu ilt webs, seven of 
them within two inches of the top, and the other three a ll in the 
upper half. The cage was then reversed and one hour la ter a ll  indi­
viduals had begun webs in the upper half of the cage.
In Experiment 7-19 (Table XI) ten individuals were placed 
under inverted battery jars 33 cm. by 45 cm. high on a laboratory
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table. Strips of corrugated paper were supplied for foot-h old , and 
the upper two-thirds of one was covered with black paper. Obser­
vations were then made every two minutes and the positions of the 
spiders were recorded. The spiders consistently sought the upper 
part of each cage, regardless of the partial darkness in the one. 
Light does not seem to be a determining factor.
For Experiment 8-0 eighteen spiders were placed in a S-foot 
screen cage in the laboratory dark-room late in the afternoon after 
having been brought from the f ie ld . The next morning 10 were be­
tween 5 and 6 feet from the f lo o r , 4 between 3 and 3 feet from the 
bottom, and 3 on or near the bottom of the cage. The wooden cross- 
bars at the bottom, at 3 feet, and at the top afforded good points 
of attachment for webs. Of 44 spiders similarly placed in the cage 
at night, 30 were found the next morning at the top, 9 halfway up, 
and 5 at the bottom. This experiment indicates that the selection 
of the position  for the web takes place almost, i f  not quite as 
well in darkness as in ligh t, and is largely governed by architec­
tural conditions.
Observations in the f ie ld  showed that the most favorable 
situation for  a web of this species is  a lea fless  shrub with la ter- ; 
al branches near enough to another point of attachment to make pos- ; 
sib le  the characteristic structure of the web. I f the dead shrub 
supplies a suitable point of departure the spider may swing across 
to the other side and thus carry across the f ir s t  line of the web, 
or otherwise a thread is spun which is carried by an a ir current 
across the intervening space, becomes attached because of its  v is­
cous nature, and thus forms a bridge across which the spider may 
travel. Spiders often attempt to establish webs where there is nc
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possib ility  of success by either method. Fruitless attempts several 
hours in duration may be made to establish a web from a seemingly 
suitable point of departure, and free lines several meters in length 
may be spun in the attempt to find a second point of attachment.
Additional experiments with A. rugosa included the observa­
tion of the reactions of the species in gradients of the evaporating1 
power of air and of temperature. Experiments 1, 3, 3, 3a, 7, and 7a 
illu stra te  the former, and Experiments 9, Sa, 10 and 10a are examples 
of the latter. Detailed results of the experiments involving evapo­
ration gradients are recorded in Table XII. In these experiments 
the cages and air conditioning apparatus described by Shelford and 
Deere (1913) and Shelford (1S14) and previously used by the author 
(1917, 1913) was u tilized . The evaporating power of the. a ir , in the 
experiments involving this factor, was taken before and a fter the 
experiments by passing the air current over standardized atmometere. 
The figures given at the heads of the columns indicate the evapora­
tion  from a standard atmometer fo r  a one-hour period.
The tabulated results of these experiments show a strong 
tendency for the animals to seek the driest th ird of the cage, even 
when the evaporation amounts to as much as 3.8 cc. per hour. This 
is an evaporating power much greater than would ordinarily be en­
countered in the normal habitat. The maximum mean hourly evapo­
ration observed for  a one-week period was a l i t t l e  over 1 cc. per 
hour, at the forest margin in the middle of July. Assuming, on the 
basis of observational data, that three fourths of this evaporation 
took place in tne day-time, we obtain the hourly mean for daylight 
hours of about 1.5 co. The spider concerned is  never found in this 
area. Figured in the same way, the maximum hourly evaporation in
48
the shrub stratum where this species is found could not have exceed­
ed 1.25 cc. with the usual value much below th is. The explanation 
of the experimental results is somewhat d if f ic u lt . The only sugges­
tion that offers i t s e l f  is  that the animal selects the place of 
highest evaporation available where other conditions are favorable. 
As was noted earlier, the evaporation at 1.35 M, the average height 
of the web of this species, is much greater than at ground level.
The records of experiments involving a gradient of air tem­
perature are given in Table XIII. Here the results indicate an 
optimum air temperature of 23.5° or lower. As the lowest tempera­
tures are found near the ground lev e l, this factor would tend to 
regulate the height to which the spiders ascend but the natural 
vertica l gradients of neither temperature nor evporation are steep 
enough to determine the location of the webs. In fa ct, as shown in 
Table XIV, which records the results of an experiment involving a 
vertica l evaporation gradient, with the low evaporation in the upper 
part of the cage, the spiders seek a higher level even i f  in so do­
ing they pass into a region of lower evaporation. Whether a d iffe r ­
ence in evaporation would determine the height to which the animal 
would ascend, within the limits available in the f ie ld , was of 
course, a question impossible of solution with the small cages,etc., 
available.
The tendency to seek higher levels is , within certain lim­
its , at least, in this species independent of the evaporating power 
and presumably of the temperature of air. While the animal reaches 
and builds its  web at a level at which there is a certain balance 
between the optima selected in the laboratory, this height seems to 
be determined by mechanical and structural relations rather than by
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the direct effects of the conditions of tile a ir.
Epeira gibberosa. which occurs at or near tde top of the 
herb stratum at an average height of .?  M. was also subjected to a 
gradient of the evaporating power of the a ir. Experiments S2, a,b, 
and c, which are recorded in Table XV show the reactions of this 
spider. In contrast with Acrosoma rugosa this species showed a 
preference for  a region of less intense evaporation, averaging about 
1.8 cc. per hour, a condition somewhat approximating the maximum 
evaporation at the level mentioned in the more open areas of the 
woods. F ield experiments also showed that this species exhibits a 
strong positive prototropism. Other experiments were not successful 
because of the rather small size and the ease with which the animal 
is injured. The experiments just outlined seem to give results 
which accord very closely  with what one might expect from a knowledge 
of the habitat. The spider is found near the tops of the herbs, in 
the more open parts of the woods, often in fu ll  sunlight, in a re­
gion of a correspondingly high evaporation.
Immature specimens of Anyphaena sp. found at an average 
height of 1.25 M., often in curled leaves or in similar sneltered 
places, protected by a silken tubs, were also subjected to gradi­
ents in temperature and evaporating power of a ir. Table XVI, sum­
marizing Experiments 12, 13a, 103 and 103a illustrates the behavior 
of this species. The optimum temperature seems to be in the neigh­
borhood of 30°C., and the most favorable evaporation at about 1,7 cc 
or less, per hour. The normal evaporation in a rolled  le a f, and wit 
the protection afforded by a silken tube, is , of oourse, much less 
than in an openly exposed web at the same height, where the maximum 
is probably somewhat more than the value just given. The lowest
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temperature available was chosen as was the case with Acrosoma.
Dendryphantes aestivalis is  a wandering spider inhabiting 
especially , low shrubs and small trees. On account of the lack of 
a web or defin ite retreat it  is less restricted  in its  normal daily 
movements than any of the forms previously discussed. In a gradient 
of the evaporating power of a ir , as in Experiments 11, 11a and 11b, 
(Table XVII) while there is a preference for the drier parts of the 
cage with an evaporating power of 3.7 cc per hour, this preference 
is not marked, as in the case cf Acrosoma. The larger figures for 
the terminal portions of the cage may be explained by the tendency 
cf the spiders to occupy the corners.
In a gradient of air temperature, as illustrated  by Experi­
ments 101 and 101a (Table XVIII) D. aestivalis also shows a pref­
erence for the lowest temperature available. This preference i3 
very decided when a difference of 13° between the ends of the cage 
is maintained and less marked when this difference is only 3°.
Temperatures much below the outdoor summer temperature could 
not be maintained, with a flow of a ir , in the apparatus, but in 
each case the temperature chosen by the spiders used in the experi­
ments was much below that prevalent in the open fie ld s . It is 
probable that this temperature reaction is one of the important fac­
tors lim iting the distribution, horizontally, and perhaps vertically  
cf the species considered. Evaporation seems to be cf lesser im­
portance as the spiders show a preference for  an evaporation much 
higher than that encountered in their natural habitats. The antag­
onistic action cf stimuli of the two kinds may be partia lly  respcnsi 
b le  for the phenomena of vertical distribution of spiders, but it  
appears that the physical environment afforted by plant structures,
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togetner with food relations are of considerably greater importance 
in this respect.
3. E ffect of Environmental Conditions on the Rate of Develop 
ment. -  In order to test the e ffect of temperature and humidity con­
ditions on the time elapsing until emergence, cocoons of Epeira gib­
ber osa Hentz* were gathered at various times during the autumn and 
winter, brought to the laboratory and kept under controlled condi­
tions until the experiment was terminated on April 18. Each cocoon 
was placed in a short piece of glass tubing of about 5 mm. inside 
diameter and about 3.5 cm. long, the ends of which were closed by a 
loose plug of cotton. The tubes were then fastened to strips of 
wood in groups of ten, for the sake of easier handling, and placed 
in the controlled experimental cages. A complete series involving 
contrasting humidities at a ll  temperatures used, and vice versa, 
was not available, but an attempt was made to obtain widely variant 
conditions in the few cages that were used. Records of the condi­
tions in tne various cages were made with the aid of recording- 
thermographs and hygxographs, and evaporation was, in most cases, 
determined by the use of the porous cup atmometer. The cages BH,
BW, AL and ALL (See Table XXII) were similar in every way, and the 
a ir was allowed to flow through a l l  at the same rate. CLL was a 
snail glass cage, while HI was an unlighted refrigeration chamber. 
Both were adequately ventilated, but the rate of flow of the air 
could not be compared with that in the other cages. All cages ex­
cept HI were illuminated by daylight (passing through several 
thicknesses of glass) and AL and ALL were, in addition, during the 
day, illuminated by large n itrogen -filled  daylight lamps. B was
* This iden tifica tion  is tentative only.
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the large constant-temperature room in which cages BH, BW and CLL 
were located. All temperatures in this room were approximately cor*4 
stant, except for a noonday rise of from three to five degrees dur­
ing the last six weeks of the experimental period. Cages AL and 
ALL were in an adjoining room, the temperature of which was variable, 
simulating a sim plified ideal winter day. Further details of the 
conditions in these experimental chambers may be obtained by the 
inspection of Table 33. All figures given in this table represent 
the means of weekly data.
As the cages could not be opened without changing, for the 
time being, the conditions (especially  the humidity) it  was desired 
to maintain, the cocoons were examined but once a week, at the same 
time that it  was necessary to open the cages to change the record 
sheets on the recording instruments. Although an error was intro­
duced into the calculations in this way, it  is  fe lt  that the dis­
advantages of this procedure were not as great as those attending a 
more frequent disturbance of the controlled conditions.
Control lots  of cocoons were placed in glass tubes in the 
same manner and exposed to outdoor conditions in the screen-house 
adjoining the glass enclosed room in which the controlled apparatus j 
was located. In some cases cocoons were changed from one experi­
mental chamber to another. A considerable number were from time to 
time transferred from less favorable conditions to the high tempera-; 
ture and high humidity of cage BH, or to BW, where the humidity was 
somewhat less.
For purposes of comparison it was assumed that the processes 
of development ending in emergence proceeded at a uniform rate under 
the same conditions, and that when a cocoon was transferred from one
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set cf conditions to another the amount of development taking place 
in each was proportional to the rate of development for  that set of 
conditions multiplied hy the time during which it was allowed to 
remain under those conditions. On this oasis velocity  factors were 
computed for  each experimental cage. An example w ill su ffice  to 
illu stra te  the method. Comparing lo ts  Aa and Ae (Table XX) we find 
that the f ir s t  was le ft  in cage HI for 69 days and then transferred 
to cage BH where 21 days elapsed before emergence. Lot Ae remained 
in cage BH, an average time of 67 days before emergence. Assuming 
that both lots were at the same developmental stage at the begin­
ning of the experiment, we may derive the following algebraic equa­
tion from the data just given:
69 VHI + 21 VBH “  67 VBE>
where VHI and VBH represent the velocity  factors for  cages HI and 
BH, respectively.
Vbh -  1.5 VHT
Taking the velocity  factor of HI as unity, we obtain the relative 
value of 1.5 for VBH. Similarly by comparing lots Ca and Cb, we ob­
tain a value of 1.7. Further comparisons led to the adoption of 
1.6 as an average value for VBH, when compared to VHI as 1.0. Simi­
lar calculations were made for the other sets of conditions, and 
the velocity  factors given in Table XX were obtained. The sums of 
the products of these factors and the number of days in the corres­
ponding cages gave values approximately constant within each group 
pf cocoons brought from the f ie ld  on the same day. The further 
assumption was then made that a ll  were in the same stage of develop­
ment on October 15, and the number was obtained, which, when multi­
plied by the number of days ^lapsing between October 15 and the
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■beginning of tne experiment, and added to the number just mentioned, 
gave a number approaching a constant for  the entire experiment. The 
figure thus obtained (0.65 for Epeira and 0.85 for Arachnophaga) 
represents the velocity  factor fo r  outdoor conditions. This does 
not represent, as d9 the other ve locity  factors , the relative velo­
c ity  of development under a stable set of conditions, but is rather 
a summation of many velocity  factors operating through the season. 
None of the velocity  factors obtained in this manner should be con­
sidered as defin ite and exact quantities, but rather as a means by 
which certain relationships can be brought to tne attention. For 
example, the real velocity  factor for a certain set of conditions 
would depend upon the stage of development already reached by the 
organism and its  previous physiological history. While the limi­
tations of this method are rather obvious, it  is perhaps almost 
equally evident that i t  is  not limited in its  application to the 
estimation of tne comparative developmental value of experimentally 
controlled conditions. If we have defin ite knowledge as to the 
climatic conditions prevailing during a given series of seasons, we 
may tentatively develop a velocity  factor for each combination of 
conditions. Phenological predictions made on the basis of such 
calculations would undoubtedly be more lik ely  of fulfillm ent than 
those made on the basis of temperature cumulations only, or than 
those based on any other single factor.
With defin ite reservations as to the significance of the 
figures involved, we may proceed to the examination of Table XX, 
which illustrates the data obtained from the time of emergence of 
the spiders under the different experimental conditions. It w ill 
be seen that the most rapid development took place in Chamber BH,
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with a mean temperature of 25.8° and with the air saturated with 
moisture. The rate in Chamber HI with a mean temperature or 18° 
and a mean relative humidity of 6 4 was about six-tenths or th is, 
provided the cocoons were removed to BH after a period or about 
f i f t y  days. Ir retained longer at the lower temperature (and lower 
humidity) the true value of the factor would be much le ss , as is 
shown by the high value of the "constant” obtained in lo ts  Df and 
Fd. These results indicate that development proceeded, up to a 
certain point, at the low temperature and low humidity of th is cage, 
but that a lim it was reached beyond which development was very alow, 
with the probability of the occurrence of death in a short time. In 
fa ct, as w ill be seen from Table XXI, no spiders emerged unaided 
from cocoons kept in HI, and large numbers of well developed spider- 
lings were found dead in the cocoons in this cage. No spiders were 
able to emerge under any conditions except those of very high humid­
ity.
Cage AL gave a velocity  factor about two-thirds that of HI, 
with the difference that emergence was possible under the conditions 
prevailing here. The day temperature in AL readhed an average of 
21.2 while the night temperature f e l l ,  on an average, to 1.7, while 
the mean was 3.3. The humidity averaged above 90$>. On account of 
the slowness of the processes of development here not a ll  of the 
spiders in this cage had emerged when the experiment closed, but 
even at this low temperature complete development was possible. The1 
threshold of development for this spider is evidently very low. Nc 
preliminary period of freezing was necessary fo r  their emergence, 
but the fact that the velocity factor for outdoor conditions seems 
to have nearly the same value throughout the winter suggests a
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stimulating e ffect of low temperatures or of variable temperatures. 
Further data are necessary for the determination of the threshold 
of development and the point to which development may proceed at 
low temperatures without a high moisture content. The short time 
required for the emergence of the spiders from the single cocoon of 
lo t  De is unexplained. This cocoon may have been formed several 
weeks earlier than the others.
The percentage of cocoons producing liv ing  spiders was about 
the samie under the conditions prevailing in cages BH and AL, and in 
the lots placed f ir s t  in HI and then removed to BH. The highest 
percentage of spider-producing cocoons was found in the control lc t j 
Bh (Table XXIII). In this lot there were no dead spiders which 
could be identified  as such when the cocoons were opened, and f i f t y  
percent of the cocoons had either produced liv ing spiders or s t i l l  
contained them at the end of the experiment.
A summary of the data from a ll  experiments shows that the 
number cf cocoons containing spiders, living or dead, tota lled  48 
of the entire number, and of 53 cocoons examined on January 9, ex­
actly half contained living spiders while the remainder were para­
sitized . Thus the mortality in unparasitized cocoons may be con­
sidered as zero in the control set.
None of the experimental conditions were as favorable for 
normal development as were outdoor conditions, although develop­
ment took place more rapidly in several of the former. It w ill also 
be seen that the outdoor conditions were much more unfavorable for 
the development of the parasites than those prevailing in the ex­
perimental chambers. No spiders were able tc  emerge, in the ex­
perimental cages, where the relative humidity averaged less than
5?
90$>, even under the most favorable temperature conditions, and at 
high humidity spiders were able to complete their development at a 
very low temperature. A variable temperature, or a period of medi­
um temperature followed by high temperature with high humidity, 
seems to be more favorable than a prolonged high temperature, a l­
though the last mentioned condition produces the most rapid develop-! 
ment. The two former conditions most closely  approach those of the 
natural habitat of the animals.
Before the experiments involving the spider cocoons had beer, 
in progress very long, it  was evident that the hymenopterous insect 
parasitic on the eggs of this species (Arachnophaga pioea Riley) 
was able to reach maturity and to emerge under much more varied con­
ditions than those favorable for the development and emergence of 
the spiders. Records of the emergence of these insects were made 
in the same way as in the Case of the spiders, and the same prcced- 
ure was followed in obtaining’ velocity  factors and in computing 
"constants” . The data thus obtained are given in Table XIX.
The most rapid development took place in lot Ba, which was . 
brought from the f ie ld  on November 8 and placed in cage HI for two 
months, a fter which it  was removed to cage BH. The value of the 
"constant" in this case is conspicuously low, and d iffers  markedly 
from those computed from the data furnished by lots Aa, Cb and Dd, 
which were given the same treatment in the same sequence. The only 
difference between lots  Aa and Ba was the length of time under out- 
door conditions, as the latter were brought to the laboratory eight ' 
day3 after the former. Before October 31, the temperature had not 
fa llen  below the freezing point of water, but a heavy fro s t , with 
a minimum temperature of -3.3° occurred the morning of November 2.
As the second lot developed so much more rapidly than the f i r s t ,  we 
must conclude that freezing was in a ll  probability the cause of the 
variation. It appears, then, that the most rapid development of 
this insect takes place i f  it  is  subjected to freezing temperature 
for a short time, then to a moderate temperature for a considerable 
period, and fin a lly  to a high temperature. The fact tnat develop­
ment took place in about the same time in CLL (dry) and BH (wet) 
seems to indicate that, at high temperatures at least, humidity is  
not of great importance. The "constants" obtained from lo ts  Cb and 
Dd were again of the more usual magnitude, indicating that further 
freezing did not increase the velocity  of development in the same 
proportion as a short time at temperatures below zero. However, 
the stimulating effect of low temperature or of variation was such 
that throughout the series the velocity  factors for outdoor expos­
ure and for  cages AL and ALL were always greater than that for cage 
HI with a much higher mean temperature. It is also certain that 
humidity is a more important factor at the lower temperatures.
Insects also developed more rapidly *hen subjected to a 
moderate temperature for a time a fter being brought from the f ie ld , 
than i f  introduced d irectly  to a high temperature. This w ill be 
seen by comparing the data from lo ts  Ba and Bb, Be and Bd. Of 
these the second was introduced immediately into oage BH (high tem­
perature, high humidity), the third was introduced f ir s t  into CLL 
(low humidity) and then into BH, while the fourth was le f t  in CLL, 
All developed much more slowly than the f i r s t ,  which remained for 
two months at the lower temperature before being subjected to the 
high temperature and high humidity. There seemed to be no d iffe r ­
ence between the CLL-BH combination and direct introduction into BH,
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while the cocoons le ft  in CLL required an additional week.
The Time X Velocity Factor product was highest for Series A, 
E, and F. The higher value for the f ir s t  group may be explained by 
assuming that without a preliminary freezing, the processes d f 
development require a longer time. Series E and F gave high values 
because a longer time at low temperature did not further accelerate 
development.
The highest percentage of Aracnnophaga picea developed from 
the cocoons of lot Da which were brought from the f ie ld  on January 
16 and immediately placed in the high temperature-moderate humidity 
chamber. Over 35fo of the cocoons of this lo t yielded parasites, 
while the proportion among a ll cocoons in this chamber was nearly 
as great. This high proportion was also obtained from a CLL-3H 
combination, at the same temperature. HI alone and BH alone were 
very unfavorable. It was rather remarkable that no parasites were 
found in the control series subjected to outdoor conditions. The 
parasites in that lo t  evidently perished in the larval stage, as no 
exoskeletal remains were observed. Numbers of dead imagos were 
found in the HI series and none emerged unaided from cocoons retains:, 
in this environment throughout the experimental period. The combi­
nation of low humidity and medium temperature in this chamber seemec. 
to allow development up to a certain point beyond which a change of 
some sort was necessary to avoid death. This could not have been 
due entirely to low temperature, as several insects emerged in each 
of the variable low temperature cages. In both of these, however* 
the moisture content of the air was greater than in HI, Moisture 
seems to be of l i t t l e  importance for the development of Arachnophags.
so
at high temperatures, in fact saturated air seems to be less favor­
able for rapid development than air with a lower moisture content, 
but at low temperatures moisture becomes a lim iting factor.
In only a few cases did both spiders and parasites develop 
from the same lot of cocoons. The lots concerned were Aa and Dd,
Ab and Be. The two f ir s t  mentioned were subjected to the HI-BH 
combination, medium temperature-low humidity followed by high tem­
perature-high humidity, and in these the spiders completed their 
development in less time than the parasites. The remaining two were 
from cage AL, low temperature and high humidity. Here the parasites 
developed f i r s t ,  much sooner in the case of Be whioh had been 
frozen before being broughttc the laboratory. The parasites are 
able to complete their development in a dry environment, while the 
spiders can not emerge unless the humidity is  above 9 0 While low 
and variable temperatures stimulate the development of both forms, 
this stimulus is more prominent in the case of the parasite, which 
also has a lower threshold of development.
V. SUMMARY AND CONCLUSIONS
1. During tne summer montns the mean daily temperature in 
the elm maple forest increases upward from the ground level at the 
rate of approximately 0 .35°C. per ten meters, and relative humidity 
decreases 3 .5fc in the same distance. Tneee gradients may be absent 
or reversed during early morning hours, and during tne colder monthsi 
of the year.
2. The intensity of light in the forest increases rapidly 
from the ground level up. At noon of a sunny day the intensity at 
ground level under herbage is about 0.35^ that of fu ll  sunlight,
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while that at 1,25 M. is about three times as great.
3. The evaporating power of the air is least at ground lev­
e l, averaging, for the period of observation,5.96 cc. mean daily 
evaporation from a standard porous cup atmometer, and increases up­
ward, at f ir s t  rapidly and then more slowly to a minimum of 15.71 
oc. at the level of tha tops of the trees.
4. Random sampling of the upper s o il , le a f, herb and shrub 
strata showed variations of the animal population in general in in­
verse ratio  to variations in the evaporating power of the a ir. This 
is just the reverse from conditions in the pine duns community as 
found by Sanders and Shelford(1922).
5. A great and sudden increase in the insect population as 
determined by random sampling occurred in early autumn, the maximum 
collections being made on October 3. This was due to the autumnal 
migration of hibernating species from the forest border and the ad­
jacent meadows, which was associated with a gradual decline in tem­
perature and an increase in the daily mean variab ility  due to lower 
night temperatures. The inward migration occurred at the level of 
the normal summer nabitat of the insects concerned and was followed 
by a downward migration to the place of hibernation.
6. Of non-migratory animals especial attention was given to 
the spiders, which may be divided into three groups according to 
their manner of adjustment of l i f e  history to the annual rhythm of 
the deciduous forest. Most species pass the winter in hibernation 
in the adolescent state. The second group spends thejwinter in the 
egg case, hatching either in late autumn or early spring, while the 
third d iffe rs  from the f ir s t  only in a greater degree of activ ity  
during the winter.
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7. Experiments involving the reactions of spiders in gradi­
ents of the various environmental factors d iffering  at the different 
levels in the forest indicate that these factors are probably of 
considerable importance in determining the horizontal and vertical 
distribution of the animals but that their relative importance is 
not the same for different species. Among web-building species the 
mechanical features of the environment as related to the support of 
tne web are also of very great importance.
8. Cocoons of Epeira gibberosa Hentz, some of which were 
parasitized by Aracnnopnaga picea Riley were subjected to controlled 
atmospheric conditions, with results leading to the following con­
clusions:
a) High temperature (Mean 35.8°C) and a relative humidity near 
the saturation point caused most rapid development of the spiders, 
but mortality was lowest under outdoor conditions.
b) Spiders were unable to complete development or to emerge ex­
cept under conditions of high humidity.
c) The parasites developed most rapidly when allowed to remain 
in the open until a fter the occurrence of freezing temperatures, 
then placed for two months in a low temperature-low humidity chamber 
(means 18.0°C and S3.9fo), and fin a lly  removed to a high temperature 
(Mean 25.8°C) high humidity chamber. The humidity at this tempera­
ture seemed to have the e ffect of increasing the mortality, however, 
while a lower humidity (Mean 83.9$>) at the same temperature produced, 
just as rapid development.
d) Mortality of the parasites was lowest when the occoons were 
kept for the greater part of the time, at lea st, at a high tempera­
ture and a moderate or low humidity, and greatest under outdoor
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conditions.
e) The threshold, of development of the parasite was found to be 
lower than that of the host. The host developed more rapidly, 
however, at high temperatures.
f)  Relative velocity  factors for each set o f conditions were 
computed and the law that the summation of the products of the 
velocity  factors by time gives a constant, was developed. This 
relation may be expressed as follow s:
(T jV ^ T2V2*..............................* TnVn) -  K
where Tj, $2» ©tc.represent the length of time spent under each 
set o f conditions and Vj, Vg» e t c . ,  represent the corresponding 
velocity  factors. When su fficien t data are available such 
velocity  factors may be computed for any set of conditions, and 
for any developmental process influenced by such conditions. 
Results thus obtained may be utillzedtinphenologicai) predictions.
9. Data obtained as indicated above have a defin ite relation 
to the adjustment of the l i f e  cycles of the animals considered to 
the annual clim atic rhythm of the temperate deciduous forest and 
savanna.
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T a b le  I
T em p eratu re  D a ta  - -  S t a t i o n  A , 0 . 6  M. a b o v e  gro u n d  s u r f a c e
Week Week Abs, Abs. Mean Mean Mean Base Total Mean Mean
endg. no. Max. Min. Max. Min. Temp. Mean Range Range Rangeabove
July 4 1 32.2 22.2 10.0 Base
July 11 2 33.3 23.3 10.0
July 18 3 34 .2 18.9 33.2 19-5 25.5 21.3 15.3 13.7 11.9
July 25 4 34.4 13.9 30.9 17.8 23.2 19.9 20.6 13.1 10.9
Aug. 1 5 33.3 14 .4 29.4 19.4 23.7 21.5 19.0 10.0 7.9
Aug. 8 6 27.8 14 .4 25.3 15.9 19.7 16.9 13.3 9.4 8.4
Aug. 15 7 27.5 11.7 23-7 15.5 13.4 17.2 15 .8 8.2 6.6.
Aug. 22 8 30.0 14 .7 25.6 15.9 20.4 18.0 15.3 9.7 7.6
Aug. 29 9 33-3 15-0 27.7 20.3 21 .6 20.9 18.3 7.4 6.8
Sept. 5 10 30.0 19.4 26 .4 20.3 23.1 21.7 10.6 6.1 4 .8
Sept.12 11 29.2 11.7 23 .2 15.1 18.9 17-3 17.5 8.1 5.8
Sept.19 12 28.3 9-4 22.9 14 .8 18.4 17.0 18 9 8.2 3.9
Sept.26 13 27.5 8.1 27.0- 15-1 18.1 15-7 19.4 11 .9 11 .3
Oct. 3 14 29.4 9.2 23-1 13.4 18.1 15.8 20.3 - 9 -7 7 * y
Oct. 10 15 23.3 2 .2 17-6 6.5 12.0 8.7 21.1 11.1 8.8
Oct. 17 16 25-6 2 .2 17.4 5-5 10.9 7-7 23.3 11.9 9.7
Oct. 24 17 25*6 4 .4 20.2 7.8 12.8 9.9 21.1 12 .4 10.3
Oct. 31 18 22.8 7-2 20.6 8 . 9 13.6 10.8 15.6 11.7 - 9 .8
Nov. 7 19 18.3 -1.7 14.8 -0.5 6.7 2.9 20.0 15.3 11.9
Nov. 14 20 13.9 -7 .8 4 .4 - 2 . 9 0.7 -0.5 21.7 -7.4 4.9
Nov. 2 1 21 17.8 *-5.0 10.5 1 .4 5-8 - 3.8 22.8 9-1 6 .7
Nov. 28 22 10.6 -3.3 7-6 2.1 4 .0 4 .0 13.9 5-5 3 .6
Dec. 5 23 14 .4 -3.3 7.0 0.6 3.3 2.3 17.8 6 .4 4 .7
Dec. 12 24 11.7 -6.7 6.7 -2.6 1 .3 -0 .8 18.3 9.3 7.4
Dec. 19 25 12.8 -10.0 6.4 -0.6 2.0 1 .3 22.8 7. 1 5 • 1
Dec. 26 26 8.6 1— 9*4 -1.9 -5 .8 -4 .0 -4 .8 18.1 3.9 2.9
Jan. 2 27 3-9 — 12.2 -0.7 —8.8 -4.9 -6.7 16.1 8.1 6.0
Jan. 9 28 12.8 -10.0 4.5 -5.4 -0 .8 -4.1 22.8 9-9 8.6
f Jan. 16 29 8.3 -15.8 -1.6 -10.6 -3.7 -7.4 24 .2 9.0 5.8
Jan. 23 30 3.1 -23.3 - 3 . 6 -13.0 -9.3 -10.0 26.4 9.4 6 . 3
Jan. 30 31 1.7 -19.4 -0.9 -15.7 - 9 . 8 -14 .0 21.1 14.8 13 * 1
Feb. 6 32 8.6 -7.5 5.2 - 3.3 0.3 -1 2 16.1 8.5 6 .4
Feb. 13 33 14.2 -15.0 4.7 -4 . § -1 .4 -3.3 2 9 .2 9 .6 7 . 9
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T a b le  I I
T em p era tu re  Data —  S t a t i o n  B, 10 M. a b o v e  grou n d  s u r f a c e .
Week No. Abs. Abs. Mean Mean Temp. Base Total Mean ^ean
ending Week Max. Min. Max. Min. Mean Mean Range Range Range
above 
Base.
Aug. 1 5 33.3 13.9 30.5 20.9 24.6 21 .4 19.4 9 . 8 9.1
Aug. 8 6 26.7 14.4 25-3 15.4 19.9 16.9 12 .2 9-9 8.4
Aug. 15 7 28.3 9.4 24.3 15.6 I9 .6 17.1 18.9 8.7 7.2
AUG. 31 8 31.1 11.1 25-7 16.2 2 0 . 8 18.0 2 0 . 0 9 . 6 7.7
Aug. 29 Q✓ 30.6 15.0 28.1 19.7 23.4 2 1 . 0 15.6 8.4 7.1
Segit . 5 10 30.6 18.9 27.1 19.6 22.9 21.1 11.7 7.4 5.9
Sept . 12 11 26.7 11.7 24 .8 14.8 19.4 17.1 15.0 10.1 7.7
Sept .19 12 27 .2 8 .9 23.1 15.0 18.4 16.6 18.3 8.1 6.5
Sepii *26 13 31.7 7.2 25.1 13.9 10.2 17.1 24 .4 11 .2 7.9
Oct;., 3 14 32 .2 9.4 23.9 13.7 17.7 15.0 2 2 .8 10.2 8 . 9
Oct. 10 15 29.4 0 .6 17.8 5.8 11 .8 8.7 28.9 12.1 9-1
Oct. 17 16 26.7 - 0 .6 17.3 4.9 10.1 7.2 2 7 .2 12 .4 10.1
Oct. 24 17 2 7 .8 2 . 2 19.1 6 . 8 12.1 9.0 2 5 .6 12.2 10.1
Oct. 31 18 26.7 0 . 0 19.3 9-3 13.2 11.1 26.7 10.0 8.2
Nov. 7 19 18.3 -1 .7 14.2 3.3 8.2 4.8 20.0 10.9 9.4
Nov. 14 20 16.7 -3.9 6.6 -0.5 2.4 1.6 20.6 7.1 5.0
Nov. 21 21 18.9 -3 .9 9-7 3.3 6 .5 4.9 22.8 6.3 4.8
Nov. 28 22 12.8 -2.2 6.7 1 .1 4.3 2.8 26.1 5.6 3-9
Dec. 5 23 13.9 -2 .2 7.8 2.2 4.3 3.5 16.1 5.6 4.3
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Table III
T em p era tu re  D a ta  —  S o i l  T em p era tu re  0.1 M. below surface
of s o il .
Week Week Abs. Abs. Mean
Ending No. Max. Min? Max.
July 4 1 2 0 .0 18.0 19.7
July 11 2 2 0 .2 18.3 19.9
July 18 3 2 0 . 0 18.1 19.3
July 25 4 2 0 . 0 15-6 18.0
Aug. 1 5 20.3 16.1 19.2
Aug. 8 6 13.3 15.0 16.9
Aug. 15 7 18.3 14 .7 16,6
Aug. 22 8 38.3 14.4 17.0
Aug. 29 9 19-2 14 .4 17.4
S e p t . 5 10 19.4 17-8 19.5
S e p t . 12 11 18.3 15.3 17.2
Se p t  • 19 12 17-2 13-9 16 .7
S e p t . 26 13 17.5 12.2 15.9
O c t . 3 14 18.1 11.1 15-1
O c t . 10 15 11.7 8 .6 10.4
O c t . 17 16 10.8 6.1 8 .6
O c t . 24 17 12.5 7.2 10.3
O c t . 31 18 12 .2 9.4 1 1 -3
Nov. 7 19 9.7 5.6 7.8
Nov. 14 20 6.7 0 . 0 3 . 8
Nov. 21 21 1 .4 0 . 0 1.4
Nov. 28 22 4.4 1.7 4.0
D e c . 5 23 6.1 0.6 3 4
D e c . 12 24 -
D e c . 19 25 4.7 -1 .4 1 .6
D e c . 26 26 0.8 —2 .8 -1 .4
Jan. 2 27 -2.8 -3 .# -2 .8
Jan. 9 28 -2.8 -3.3 -3.1
J an. 16 29 -2.8 -4 .7 -3.4
Jan. 23 30 —4 .2 -5*8 -4.5
Jan. 30 31 -5.8 -7 >2 -6.3
Feb. 6 32 -3.6 -5.3 —4.1
F e b . 13 33 -3.3 -5.0 -3.6
F e b . 20 34 -3.3 -5.8 -4 .4
Mean Mean Extreme Mean
Min. Temp. Range Daily
Range
18.1 18.7 2 . 0 1 .6
43.3 19.0 1 -9 1 .6
18.1 18.3 1 .9 1.2
16.8 17.4 4.4 1 .2
17.9 17.8 4 .2 1 .2
16.1 16.5 3.3 0 . 8
15.8 16,3 3.6 0 . 8
15 .6 16.2 3-9 1 .4
16.3 16.9 4.7 1 . 1
18.2 18.8 1 .7 1 .3
16.1 16.7 3.1 1 .1
15.0 16 1 3-3 1 .7
14.6 15.5 5.3 1 .3
13 .8 139 6 . 9 1 .3
8 . 8 -9.5 3-1 1 .6
7.6 8.1 4.7 0.9
9.2 9.7 5-3 1 .2
10.2 1 0 . 6 2 . 8 1 2
*6 . 2 7.1 4 .2 1 .6
2.5 3.2 6.7 1 .3
0 . 0 0 .8 1 ,4 1 .4
2.9 3-3 2 . 8 1 . 1
2.3 2.9 5.6 1 .2
0 .1 0 . 8 6.1 1 .5
- 1.9 - 1^6 3.6 0.5
- 3.1 —2 • 9 1.1 0.3
-3.3 -3.2 0.6 0.2
-3.8 -3.6 1 .9 0.4
-4.9 -4.7 1.7 0.4
-6.7 -6.5 1 .4 0.4
—4 .2 -4.1 1 .7 0.1
-4.1 -3.8 1.7 0.4
-4 .8 -4 .6 2.5 0.4
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Table IV
Relative Humidity Data — Station A, 0.6 M. above ground surface
Mean Mean
Range Vapor
Week Week Abs. Abs. Mean Mean k̂ ean Base Total Mean below Press
ending No. Max. Min. Max. Min. R.H. Mean Range RangeBase mm.Hg
July 11 2 100.0 40.0 93.7 48.0 74.7 87.1 6 0 .0 45.7 39.1
July 18 3 94 .0 35.C 84.1 40.4 66.1 76.5 59.0 43.7 36.1 16.20
July 25 4 95.0 35.0 86.1 4 1 .7 68.6 79.4 6 0 .0 44.4 37.7 14.6
Aug. 1 5 94.0 42.0 88,1 53.5 75.8 83.3 52.0 34 .6 2 9 . 8 16.6
Aug. 8 6 95.0 42 .0 9 0 .C 58.5 77.6 85.2 53.0 31.5 26.7 13.3
Aug. 15 7 97.0 42.0 94.4 62 .8 82.4 91 .2 55.0 31 .6 28.4 13.9
Aug. 22 8 100.0 64 .0 98.1 70.5 86.8 92 .2 36.0 27.6 21.7 14.6
Aug. 29 9 100.0 59.0 99.9 78.3 89.2 96.5 31.0 21 .6 18.2 17.4
Sept . 5 10 100 0 61.0 99.8 78 0 93.2 97.7 39.0 21.8 19.7 19.7
Sept . 12 11 100.0 52.0 97.5 62 .5 87.5 91 .2 48.0 35.0 28.7 14 .4
Sept . 19 12 99.0 58.0 95.7 71.5 87.3 91 .2 41.0 24.2 19.7 13.8
Sept .26 13 100.0 47.0 95.1 58.0 82.3 90.2 53.0 37.1 32.2 12.8
Oct, 3 14 100.0 43.0 96.0 62.1 84.1 91 *9 57.0 33.9 2 9 .8 13.1
Oct. 10 15 100.0 55.0 9 6 .9 63.3 81.8 90.9 45.0 33.6 27-6 8.6
Oct. 17 16 100.0 46.0 9 6 .0 56.0 76.1 90.8 54 .0 40.0 34 .8 7-4
Oct. 24 17 100.0 49.0 95.5 54 .4 77.9 87.8 5 1 . 0 41.1 33.4 8.6
Oct. 31 18 100.0 41 .0 100.0 63.0 88.6 97.4 5 9 .0 37.0 34 .4 10.4
Nov. 7 19 100.0 39.0 9 6 .0 44.4 75.5 91 -3 61.0 51.6 46.9 5.6
Nov. 14 20 100.0 59.0 95 .5 73.3 88.1 92 .5 41 .0 22.2 15 .2 4 .2
Nov. 21 21 100.0 52.0 98.1 77.0 91.3 95*3 48.0 21.1 18.3 6.3
Nov. 28 22 100.0 60.0 99 .3 85.3 94.5 97.6 40.0 14.0 12 .3 6.2
Dec. 5 23 1 0 0 . 0 68.0 98 .7 77.0 93.1 97.4 32.0 21.7 20.4 5.4
Dec. 12 24 100.0 63.0 99.4 72.7 90.8 96.4 37.0 26.7 23.7 4 .6
Dec. 49 25 100.0 50.0 93 .0 60.3 82.5 87.7 50.0 32.7 27.4 4 .4
Dec. 26 26 100.0 C7 f\J  1 V> 95.3 81 ,8 < 1,4 93.5 4 5 , 0 13.5' 11.7 3.0
Jan. 2 27 -95.0 38.0 86.3 57-7 79.3 82 .0 57.0 28.6 24 .3 2 .4
Jan. 9 28 100.0 47.0 86 .0 60.5 78.5 83.9 53.0 25.5 23.3 3.4
Jan. 16 29 1 0 0 . 0 48.0 87.4 5 8 .8 74 .0 81 .3 5 2 .0 28.6 22.5 2.5
Jan. 23 30 100.0 50.0 91.7 63.1 81 .2 88.4 50.0 28.6 25.3 1 .7
Jan. 30 31 -98.0 51 .0 91.8 56.7 79-3 85.7 47.0 35.1 29.0 1 .6
Peb. 6 32 100.0 43.0 92.4 63.3 81 .3 86.7 57.0 2 9 .I 23.4 3.8
^eb. 13 33 100.0 48.0 92.3 55.8 80.3 86.2 52.0 36.5 30.4 3.3
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Relative Humidity
Week Week Abs. 
ending Ho, Max.
Aug.2 2  8 :94,o
Aug. 29 9 -1C0.0
Sept. 5 1C 100.0 
Sept.12 U 97-0 
Sept.to 12 90.0
Sept.26 13 90.0
Oct. 3 97 .0
Oct. 10 15 100.0 
Oct. 17 16 100.0 
Oct. 24 17 1C0.0 
Oct. 31 18 100.0 
N o v . 7 19 -97.0 
N o v . 14 20 100.0 
N o v . 21 21 100.0 
N o v . 28 22 - 
Dec. 5 23 100.0 
Dec. 12 24 100.0 
Dec. 19 25 100.0 
Dec. 26 26 100.0 
Jan. 2 27 100.0 
Jan. 9 28 100.0 
Jan. 16 29 ICO.O 
Jan. 23 30 100.0 
Jan. 30 31 96.0
Feb. 6 32 100.0 
Feb. 13 33 100.0
Table V
Data - -  Station B, 10 M. above ground surface
Mean
Abs. Mean Mean Mean Base Total Mean Range 
Min. Max. Min. R.H. Mean Range Range below
Base
Mean
58.0 93 . 1 59.8 79.0 88.7 36.0 33-3 28.9
62.0 96 .3 68.8 84.9 92.8 33.0 27.5 24 .0
57.0 ICO.0 69.5 90.2 95.4 43.0 30.5 25.9
47.0 97 .0 61.0 83.3 91 .6 50.0 36.0 30.6
35.0 88 .0 55.3 77.5 86.2 55.0 32.7 30.9
34 .0 89 .6 47.8 73.4 84.6 56.0 41.8 36.8
38.0 95 .4 56.0 81 .0 92.2 59.0 39.4 36.2
45-0. 98 .8 54.5 79*1 88.4 55.0 44.3 33.9
42.0 95 .1 52.3 75.1 86.4 58.0 42.8 34.1
4 1 .0 100 .0 64.4 88.6 95.9 59.0 35.6 31.5
40.0 92 .0 50.0 73 .6 82.2 6 0 .0 42 .0 32 .2
36.0 93 .4 46.4 73.4 87.4 61 .0 47.0 41.0
62.0 98 .0 72.0 86 .9 92.4 38.0 26.0 20.4
50.0 96 .3 80.1 91 .8 92 .6 50.0 16.2 12.5
60 .0 96 .0 70.0 85.7 9 2 .0 40.0 26.0 22.0
47.0 99 . 1 63.4 86.0 92.7 53.0 35.7 29.3
34.0 94 .3 58.0 81 .9 87.4 66.0 36.3 29.4
66 .0 96 .5 82.3 91 .3 93.6 34.0 14.2 1 1 .3
23.0 96 .0 52.5 77.5 8 0 . 8 77.0 43.5 28.3
49.0 84 . 1 56.0 74 .2 78.2 51.0 28.1 22.2
35-c 86 .7 49.8 68.5 76.7 65 0 36.9 26.9
38.0 92 .3 57.7 79*9 85.8 62 .0 34 .6 28.1
46 .0 91 . 5 5 1 .0 75.5 82.3 50.0 40.5 31 .3
48.0 93 .4 50.7 76.5 83 .0 52.0 42.7 32.3








Diurnal Variations in Lignt Intensity in the Forest as Determined
by the Macbeth-Evans Illuminometer 
At Ground Level
August 29-30,1921
Time Reading Factor Factor Intensity Intensity
Daylight Absorption in Foot- in Meter-
Aug. 30 
8:00-
Screen Screen Candles Candles
8:10 A.M. 5 1.9 0 9.5 102
8:00-
9:10 7.6 1.9 0 14.4 155
10:00-
TO: 10 5.5 1.9 0 10.5 iia
1:00 P.M. 1.4 1.9 13.2 35,0 378
Aug.29
3:10 P.M. 9.0 1.9 0 17.0 184
4:25 P.M. 5.2 1.9 0 10.0 107
5:15 2.1 l.S 0 4,0 43
Table VII
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Diurnal Variations in Light Intensity in the Forest as Determined
with the Macbeth-Evans Illuminometer. August 39- 













00 • ♦ o 0 1
8:10 A.M 9.0 1.0 0 17 180
8.0 1.9 0 15 16 130 170
S: 00-
9:10 1.13 1.9 13.2 38 300
20.0 1.9 0 38 33 410 355
! 10:00-
10:10 3.8 1.9 13.2 70 760
2.4 1.9 13.2 60 65 650 705
13:30-
12:40 ?. M. 1.4S 1.9 43.3 130 1330
3.9 1.9 13.3 100 110 1050 1170
Aur. 39
3:45 P.M. 20.0 1.9 0 38 410
3:55- 1.53 1.9 13.3 38 410
3:00 18.0 1.9 0 34 37 370 430
4:05-
4:10 10 1.9 0 19 200
11 1.9 0 31 30 330 210
1o o « •LO
5:10 5 1.9 0 10 100
4.4 1.9 0 8 9 90 95
6:10-





Intensity in a For
80
est Glade as

















7:30 A.M. 13.0 1.9 43.3 106 106 1140 1140
7:50-
8:00 13.0 1.9 169 3850 41480
14.0 1.9 1S9 4495 4175 48330 44340
9:00-
9:10 6.0 1.9 670 7340 83330
31 1.9 169 6740 7190 73580 77400
10:00- .
10:10 6.0 1.9 670 7840 7640 83320 83220
13:30-
13:40 P.M. 7.8 1.9 670 9930 103830
35 1.9 169 8030 8980 86410 96650
Auk. 39
3:40 P.M. 5.8 1.9 670 7770 7770 83660 83660
4:45-
4:50 5.5 1.9 169 1765 13010
18.5 1.9 43.3 1530 1645 16350 17680
5:50-
5:55 3.1 1.9 43.3 355 2740
3.7 1.9 43.3 330 340 3330 3570
6:00 5.8 1.9 13.3 145 145 1570 1570
Table $.
Evaporation Da,ta, as Obtained from Porous Cup Atmometers
SI
Sta. No. 1 2
>Height (M) 1.0 0.1 









4 5 6 7 8 9 10 11
1.5 2.5 0.15 0.15 6.0 10.0 12.0* 0*15





X X X X X X
1 12.0 7.5 12.6 11 .0 13.7 2.4 20.9
2 13 .6 8.5 14 .3 14.3 14.9 7.6 20.7
3 19.1 13.0 19.4 19.4 20.2 7.6 24 .8
4 14 . 8 9-7 15.3 15.3 16.2 1C .2 24.9
5 13.9 9-5 15.2 14 .6 15.1 8.6 #
6 7-9 5.0 8.3 8.6 9.0 2.8
7 6 .6 4.7 7.7 7.8 7.8 2.6
8 8.1 5.0 8.1 8.2 9.0 2 .8
o 4 .6 2.8 4.6 4.8 5.7 1 .3
10 4.4 2.9 5.5 5.4 5.7 1.7
11 4 .3 2.5 4 .6 4.4 5-0 1 3
12 5.0 3.9 5.9 6.0 6.6 1.6
13 7.6 4.2 8.4 7-7 8 .9 3.3
14 7.0 4.8 8.3 7.9 8.6 3.3
15 8.6 5 5 9-9 9.0 9-6 5.0
Oct.17 16 11.6 
Oct.24 17 15.2 
Oct.31 18 11.0 








10.7 10.9 X X
9.7 10.8 12.2 8.8
10.1 10.1 1 1 .2 8.1
7.7 6 .9 Q 6.2
4,6 8.9 6.3 6.5
6.7 6 . 9 10.1 6.3
7.7 13.9 5.1
10 .6 8.7 12 .0 5.1
9-3 9.2 14.1 6.3
9.4 9.3 8.7 6.7
this date . First
reading includes evaporation beginning 
on this date.
atmometer changed to another tree at 
15 M. height on September 5. 
atmometer stolen and observations at this 
station discontinued. See Station 11. 
atmometer moved on this date to a height 
of 15 M. in another tree.
Location of Stations:
1 top of instrument shelter
2 on* ground under shrubs
3 — south side of tree trunk
4 — north side of tree trunk
3 suspended under leafy maple branch
6 — in hollow stump
7 — at west edge of woods, short grass
8 ~~ in tree
9 - -  in tree . -
10 — at level of tree tops
_ at east edge of woods, ta ll  grass
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T a b le  t o .
A n im al P o p u la t io n  o f  th e  Low er S t r a t a  o f  U n i v e r s i t y  W oods
July. 1921 to February, 1922 Per P er ;
Week Week Soil Str. Leaf Str. Herb Str. Shrub Str. Acre Hect
Ending No. Col. Ave. Col. Ave. Col . Ave Col . Ave Total( thousands
July 4 1 1 11 2 24.5 3 9. 3 .6 45.1 500 1212
July 11 2 4 16 1 20 6 13.5 #2 . 51 .5 571 4 384
July 18 3 1 10 1 14 3 15 3 4.8 43 .8 486 4 177
July 26 4 1 15 2 5 3 8.4 4.2 32 .6 362 87£
Aug. 1 5 3 14 .7 1 11 11.5 3.9 41.1 457 1105
Aug. 8 6 2 14.5 1 12 7 14 3 3.6 44.4 489 1185
Aug.15 7 • - -
Aug.22 8 1 18 1 15 3 8 2 4 .5 44.5 499 1
Aug.2° o 1 19 1 21 5 5.8 1 1 46.8 519 1258
Sept.5 10 14.5 32 5 18.2 5 3.4 68.1 756 1831
Sept.12 11 1 10 1 43 1 22 1 15 90 999 24 19
Sept.19 12 1 17 1 24 1 30 1 15 86 955 2312
Sept.26 13 15 , 60 2 54 2 78.5 207.5 2203 5578
Oct. 3 14 13 1 133 1 283 1 69 498 5527 13387
Oct. 10 15
Oct. 17 16 7 1 49 1 128 1 24 208 2309 5591
Oct. 24 17
Oct. 31 18 1 27 1 146 1 25 1 14 212 2353 5699
Nov. 7. 19 1 16 1 125 1 23 1 5 I69 1876 4543
Nov. 14 20 12 1 85 20 4.5 121 .5 1349 3266
Nov. 21 21 1 - 8 1 54 1 16 1 4 82 910 2204
Nov. 28 22 1 14 1 33 1 37 1 9 93 1032 2500
Efec. 5 23 1 1 1 36 1 11 1 6 48 533 1290
Dec. 12 24 1 13 1 51 1 2 1 c 66 733 - 1774
Dec. 1$ 25 1 5 1 22 1 16 1 0 43 477 4156
Dec. 26 26 - - -
flian. 2 27 1 3 1 34 1 8 1 0 45 500 1210
Jan. 9 28 2 5.5 1 58 1 4 1 0 67.5 749 4814
Jan. 16 29 1 3 1 15 1 0 1 0 18 200 -484Jan. 23 30 1 22 ' *
Jan. 30 31 1 22
Feb. 6 32 1 7 1 90 1 3 1 0 10 111 269
Feb. 13 33 1 7 1 10 1 0 4 0 47 189 457
Feb. 20 34 1 6 1 16 1 10 4 0 23 256 618
Feb. 27 35 1 7 4 29 1 0 4 0 36 400 968
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Table XI
Experiment No.7-19. Showing the reactions of the spider
Aerosoma rugosa Hentz , in a ve:rtica l ligh t gradient
Minutes from Control Experiment
3:40 P.M. 1 2 3 1 3 3
0 5 0 0 5 0 0
3 0 1 4 0 s5
4 1 0 1+ 4
S 0 0 5 1 4
8 0 0 5 0 5
10 0 0 5 1 4
13 0 0 5 1 4
14 0 1 4 1 4
16 1 3 3 1 4
18 1 1 3 1 4
30 0 3 3 1 4
33 0 1 4 1 4
24 0 1 4 0 5
26 0 1 4 0 5
38 0 1 4 0 5
30 0 1 4 0 5
60 0 1 4 0 5
130 0 1 4 0 T>-----5
Totals 8 14 68 9 76
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♦Five spiders were placed in each of two inverted glass battery 
jars 45x33 cm., one of which (experiment) was covered with black 
paper on the top and the upper two-thirds of the sides. The other 
was uncovered, and both stood on a laboratory table receiving light 
from a North window 3 M. distant. The spiders had been brought 
from the f ie ld  the previous day. Temperature of the room was 80°E.
Table 12
K xperiaents 1, 2, 1, la ,  7 and 7a. Showing the re a ctio n s  o f  the sp id er  icrosoma 
ru£oso llent/. in K iddie0*8 o f  the evaporating  power o f  a i r . * ________________________________ ______ I
T S p T l o . 1 —-------- 2 3
—
i» 7 7a
fcivapt 0 .0 0 .2 2.2 2. 5 1.2 0.08 0 .2 M 2.1 2 .1  |1.4f 0 .5  [ o .5 1.4!2 .8 2.8 . 0 .5
Te«p» 2 4 .5 ^ b . ’) 025 .5 ° 24 .> °.2b. 51 i rt . r 21.5* 22s 21. 2 1 .5 " 22*1881.51 248 24J.24° 2 4® 24' 24°
utes
0 0 b 0 ; 2 2 2 | 2 ! 2 2
, 2 2 i 1 4 i 1 4 1
i 0 4 2 ! 2 2 ~ T ~ \ "  2 t 1 1 2 1 1 1 4 2 4 8 1 1
2 0 1 1 2 2 ; 2 1 2 3 1 1 2 5 1 4 8 0 2
1 0 1 1 2 *  1 2 i 2 1 1 3 1 2 1 5 2 8 0 2
4 0 2 4 2 1 | 1 2 1 1 1 ! 2 1 1 2 b 2 8 0 2
5 0 2 4 2 4 ’ 0 2 ! * 1 2 1 3 3 4 8 0 2
b 0 2 4 2 1 ! 1 2 * 4 1 1 1 1 4 8 0 2
7 0 1 3 2 1 1 2 ! 2 * 1 1 1 4 1 5 b. 0 4
8 0 0 b 2 4 0 2 - 1 i 4 1 1 4 1 3 b 0 4
9 0 0 b 2 4 0 2 1 1 4 1 1 1 4 1 • 5 1
10 0 1 5 2 1 1 2 2 2 4 1 1 4 2 4 b 0 4
11 0 1 5. 2 1 1 2 1 3 4 1 1 * 4 2 3 0 5
12 1 0 5 1 1 2 i 1 2 1 2 1 2 5 1 5 2 1
11 2 0 4 1 1 2 i 1 2 4 1 1 1 3 3 b 1 3
14 2 1 1 1 2 1 2 1 1 1 2 2 3 1 5 2 1
15 2 1 1 1 2 1 2 1 1 1 2 1 4 4 2 b 1 3
lb 2 1 1 1 2 1 2 1 1 1 1 2 4 1 1 b 1 3
17 2 0 4 1 i 2 2 1 4 0 2 3 2 1 b 1 1
18 2 1 1 1 i 2 2 1 1 2 1 5 1 4 7 0 1
19 2 1 1 i 3 j 2 1 2 0 t 4 1 1 2 3 ; 1 | 7 2 1
20 1 0 1 I 1 2 1 2 0 1 3 1 0 1 1 4 7 1 2
21 1 2 1 ; 1 | 2 1 ! 2 0 * 3 0 1 2 2 b b ! 2 | 2
22 2 1 1 1 j 2 1 2 : 0 4 4 1 1 2 > 1 7 1 0 5
21 2 1 1 1 j 2 1 1 1 4 1 j * 1 1 3 4 ! 7 ! 2
24 2 l 1 1 ! 2 1 1 1 - 1 1 0 1 1 3 4 7 l 2
25 2 1 1 | 1 | 2 1 1 0 5 5 0 1 2 1 1 3. b l 3
2b 2 1 1 ; i 2 1 1 1 4 5 0 1 2 1 3 b l 1
27 1 1 4 i  • 2 • 1 2 2 j ^ 4 0 2 2 1 5 5 I 2 1
28 1 1 t i • 2 1 1 2 : i 4 1 4 2 1 1 3 ! 5 1 : 4
2y 1 1 4 i 2 1 1 0 i i 3 1 2 2 2 b 4 4 1 2
10 1 2 1 i 2 1 2 1 S i 1 1 2 2 1 i * 7 ! i ! 2
11 2 2 2 i ; . 2 1 2 1 3 1 1 2 2 1 5 7 i 2 ■ i
12 1 1 2 4 | 1 1 1 0 1 ; 1 1 1 1 b 7 1 i ; 1
11 2 2 2 4 ! 1 1 2 1 | 1 ' 1 l ; 2 1 2 | 7 7 i ! 2
14 { 0 1 1 2 1 2 i 2 1 2 i 2 1 i 1 1 1 0 8 0 2
13 1 0 1 ! i 2. | 1 2 2 i  i 4 1 1 1 1 b i 7 l 2
lb 1 0 3 3 2 1 2 ! 1 i 1 3 0 : 1 1 4 ; > b 2 2
17 1 0 1 1 1 * l 1 2 1 1 1 1 0 1 1 b 7 0 1
18 | 1 0 1 1 1 1 | 2 ! 1 3 : 2 1 1 2 7 8 1 1
19 1 0 1 4 1 1 1 2 1 1 1 2 j 1 4 5 7 1 2
to 1 0 1 4 1 1 ; 1 1 1 1 ! 1 2 2 1 | > 7 1 2
Total *>9 41 118 U1 81
1 " i > ‘
’
[45 121 140 M 3 b f«31 24171 202 19 99_





ca^ei* leno f f e r  the' fYiur'e *5 * in~the 0 
* minutes11 column, and observat ions\ of their positions recorded at 
one-nlnute intervals* The , eoaporattni power of the air, 
flow ini throuih each of the thre< sections of Ine cafe Is iiuen at 
the heads of the. Respective 
columns, expressed in cc. per hour evapotated from a standard
Sum«;it*y Kip. .VU. Al.nl iu hi
1 39 41
2 44 81





Percent 24. 7 21.5
Table XIII
Experiments 9, 9a, 10 and 10a. Showing the reactions of the 
Spider Acroscma rup;osa Hentz in gradients of Air Temperature*
Exist. No. 10 ______ 1 0 a __  9_____  ______ 9a
T emp.(Centigrade)
23.5 26.0 27.5 28. 5 27. 0 26. 0 35 33 29 33 35 36
Min­
utes
0 3 4 3 3 4 3 3 4 3 3 4 3
1 6 2 2 2 3 5 2 4 4 7 1 2
2 6 2 2 1 0 S 1 3 6 7 1 2
3 6 3 1 1 3 6 1 2 7 7 0 3
4 S 3 1 1 2 7 2 3 5 7 0 3
5 6 3 1 3 3 4 3 3 5 7 0 3
6 5 4 1 2 4 4 1 3 6 7 0 3
7 5 5 0 1 4 5 3 1 6 7 0 3
8 6 4 0 1 4 5 4 1 5 7 0 3
9 6 4 0 2 3 5 4 2 4 6 1 3
10 8 2 0 1 3 6 4 2 4 7 0 3
11 5 3 2 1 3 6 2 2 6 7 0 3
12 6 3 1 0 5 5 2 3 5 5 1 4
Temp. 23. 5 26.0 27.5 29 27 26 34. 5 33 29.5 32 35 36
13 o 3 1 1 3 6 1 2 7 4 2 4
14 7 0 3 1 2 7 1 1 8 3 3 4
15 7 1 2 0 4 6 1 2 7 6 1 3
16 7 2 1 1 2 7 0 3 7 5 2 3
17 5 3 2 1 3 6 0 4 6 4 3 3
18 5 3 2 1 4 5 2 2 6 5 2 3
19 6 2 2 1 3 6 0 4 6 4 3 4
20 5 3 2 1 3 6 0 3 7 6 1 3
Temp.23.5 26 28 29 27 26
21 4 3 3 0 2 8 0 3 7 6 1 3
22 6 3 1 0 3 7 0 3 8 5 1 4
23 8 1 1 0 5 5 0 1 9 5 1 4
24 7 0 3 0 4 6 0 1 9 4 3 4
25 6 1 3 0 4 6 0 2 8 4 3 3
26 6 2 2 0 4 6 0 3 7 5 2 3
27 6 2 2 0 3 7 0 3 7 6 3 1
28 5 3 2 1 2 7 1 2 7 7 2 1
29 8 0 2 1 3 6 1 2 7 8 1 1
30 6 2 2 2 3 5 0 2 8 9 0 1
Temp.24 26.5 28.5 29 27 25.5 34 33 30 33 35 36
Totals
181 72 47 27 94 179 35 71 :194 177 36 87
Percent.
60.3 24.0 15.7 9. 0 31. 3 59.7 11. 7 2 i?  64.6 59.0 18 2 9
* Animals were placed in the cage, distributed as indicated <opposite
the figure "0" in the minutes column, and observations of th sir pe­
sitions recorded at one-minutei intervals. The temperatures, as in-
dicated by thermometers placed in the cage, are given at the heads




Showing the Reactions of Acrosoma rugosa Hentz in
a vertica l gradient of the evaporating power of air
Evap,
Experiment 8 
Bottom Middle Top 
Section SectionSection 
2.5oc 1.4oc 0.7cc
j T emp. 26 26 26 *Eight animals were placed in
Min­
utes
0 8 0 0
the lower third of the same 
cage used in previous experi­
ments, set on end, and obser­
1 7 1 0 vations of their positions
2 4 3 1 were recorded at one-minute
3 4 2 2 intervals. The evaporating
4 5 2 1 power of the air expressed
5 4 3 1 in cubic centimeters of water
6 3 3 2 evaporated from a standard
7 3 2 3 atmometer in one hour is in­
8 4 2 2 dicated at the head of each
9 4 0 4 column, and the temperature
10 3 2 3 in degrees centigrafe of the
11 3 1 4 corresponding third of the
12 2 2 4 cage is recorded just below.
13 2 1 5
14 2 1 5
15 2 3 3
16 2 2 4
17 2 2 4
1 18 1 3 4
19 1 3 4
20 1 3 4
21 2 2 4
22 2 2 4
23 1 2 5
24 3 1 4
25 2 3 3
26 0 2 6
27 2 1 5
28 1 2 5
29 1 1 6
30 1 2 5
31 1 3 4
32 1 2 5
33 1 3 4
34 1 3 4
35 1 3 4
36 1 3 4
37 1 3 4
38 2 1 5
39 2 2 4
40 2 1 5
Total 87 83 150
Table XV
S8
Experiments 93, 93a, 93b, 93c. Showing the Reactions of the 
Spider Egfeira gibberosa Hentz in gradients cf the evaporating
power of air.
Exp.No, 93 93a 93b 93c
Evap. 1.1 1.8 3.0 3.0 1.8 1.1 1.3 3.1 3.7 3 .‘7 3.1 1.3
Temp.
Min­
34 34 34 34 34 34 34 34 34 34 34 34
utes
0 3 3 3 3 3 3 4 3 4 3 5 3
1 3 5 0 3 4 3 4 4 3 3 5 3
3 3 4 1 3 1 5 5 3 3 4 5 3
3 5 3 0 1 3 5 4 5 3 3 6 3
4 4 4 0 3 3 4 4 5 3 3 6 3
5 4 4 0 3 4 3 4 5 3 3 S 3
6 4 4 0 3 3 4 4 5 3 3 6 3
7 4 4 0 3 3 3 4 5 3 3 6 3
8 5 3 0 3 3 3 4 5 3 3 6 3
9 5 3 0 3 3 3 4 5 3 4 5 3
10 5 3 0 3 3 3 3 6 3 4 5 2
11 5 3 0 3 3 3 4 5 3 4 5 3
13 5 3 0 3 3 3 4 5 3 4 5 3
13 5 3 0 3 3 3 4 5 3 4 5 3
14 5 3 0 3 3 3 4 5 3 4 5 3
15 5 3 0 3 3 3 4 5 3 4 5 2
16 5 3 0 3 3 3 4 5 3 4 5 3
17 5 3 0 3 3 3 4 5 3 4 5 3
18 5 3 0 3 3 3 4 5 3 4 5 2
19 5 3 0 3 3 3 4 5 3 4 5 3
30 5 3 0 3 3 3 4 5 3 4 5 3
Totals 93 67 1 39 57 64 80 98 43 73 106 41
Summary Expt.Noi. Wet Medium Dry
93 93 67 1
tfSa 64 57 39
93b 80 98 43
93c 73 106 41
Totals 309 338 133
Percent of Total 40. Tjo 43.1 16.3
* All experiments designated by the same arabic numeral were per­
formed with the same group cf animals. In the present instance, 
three more were added for experiments 93b and 93c.
** See Table XII for method cf conducting the experiments and re­
cording results.
Table XVI 89
Experiments 13, 13a, 103, and 103a,. Showing the reactions of
Anypha ena sp. in gradients of evaporating power of a ir and air
temperature
Exp. No. 103 103a 13 13a
Evaporation 3.7 3.8 1.8 1.8 2.8 3.7
Temperature 30 35 39 39 35 30 33 23 33 33 33 33
Min-
ut es **
0 3 3 3 4 0 3 1 1 1 1 1 1
1 3 3 1 4 0 3 0 1 3 1 0 3
3 3 3 1 4 0 2 0 1 3 1 1 1
3 5 0 1 4 0 2 0 1 3 1 1 1
4 3 1 3 4 0 3 0 1 2 1 3 05 3 1 3 4 0 3 0 1 3 1 3 0
6 3 1 3 4 0 3 0 1 2 1 1 17 3 1 3 4 0 3 0 1 2 1 1 1
8 3 1 3 4 0 2 0 1 3 1 1 1
9 3 1 3 4 0 3 0 1 3 1 1 1
10 3 1 3 4 0 2 0 1 2 1 1 111 3 1 3 3 0 3 0 1 3 1 1 113 3 1 3 3 0 3 0 1 3 0 1 213 3 3 3 3 0 3 0 0 3 0 2 114 4 0 3 3 0 3 0 0 3 1 0 215 4 0 2 3 1 3 0 0 3 1 0 2IS 3 3 3 3 0 3 0 0 3 1 0 217 3 3 3 3 0 4 0 0 3 1 0 318 3 3 1 3 0 4 0 0 3 1 0 219 3 1 3 3 0 4 0 0 3 1 0 230 3 1 2 3 0 4 0 0 3 3 0 131 3 1 2 2 0 4 0 0 3 3 0 133 3 1, 3 2 0 4 0 0 3 3 0 133 3 1 3 2 0 4 0 0 334 3 1 3 3 0 4 0 0 3
35 3 1 3 2 0 4 0 0 3
36 3 1 2 2 0 4 0 0 3
37 3 1 3 2 0 4 0 1 2
38 3 1 3 3 0 4 1 0 239 3? 1 3 2 0 4 1 1 1
30 3 1 3 3 0 4 Tot *2 14 71 33 15 3831 3 1 3 2 0 4 71 14 333 3 1 3 3 0 4 94 39 3033 3 0 4 3 0 4 61.4%18.9%19.79'54 4 0 2 3 0 4 30° 25° 39°
35 4 1 1 3 0 4 119 44 77
36 4 1 1 2 0 4 134 1 105
37 4 1 1 3 0 4 353 45 T§2
38 4 1 1 2 0 4 53.72 9. 5% 38 %
39 4 1 1 3 0 4




Experiments 11, 11a and lib . Showing the reactions of the spider 











Temp. 23 23 23 23 23 23 23 23 23
Min­
utes
0 1 1 1 1 1 1
**
2 0 1
1 0 2 1 1 0 2 3 0 0
2 0 1 2 0 1 2 3 0 0
3 0 2 1 0 1 2 2 1 0
4 1 1 1 0 1 2 1 1 1
5 3 0 0 1 1 1 1 0 2
6 2 0 1 2 1 0 1 0 2
7 2 0 1 1 1 1 1 0 2
8 2 0 1 0 1 2 1 0 2
9 2 0 1 0 0 3 1 1 1
10 2 0 1 1 0 2 1 1 1
11 2 0 1 1 0 2 1 1 1
12 0 TX 2 1 0 2 1 1 1 Summary
13 0 0 3 1 0 2 1 0 2
14 0 1 2 1 1 1 1 1 1 Exp. No. Wet led. Dry
15 1 0 2 1 0 2 2 0 1
16 1 0 2 1 0 2 2 1 0 11 48 19 53
17 0 1 2 0 1 2 2 0 1 11a 38 19 63
18 1 1 1 0 0 3 2 0 1 lib  35 17 68
19 2 0 1 0 1 2 1 1 1
20 1 0 2 0 1 2 1 0 2 Totals 121 55 184
21 0 1 2 1 1 1 1 0 2 33.67*15.3 51.]
22 1 2 0 2 1 0 2 0 1
23 2 0 1 3 0 0 2 1 0 * For methods of
24 1 0 2 2 0 1 2 1 0 conducting experiments;
25 1 0 2 0 1 2 2 0 1 and recording results
26 1 1 1 0 0 3 1 2 0 see Table XII.
27 3 0 0 0 0 3 2 0 1
28 2 0 1 0 1 2 1 2 0 ** Continuation of
29 2 0 1 2 0 1 3 0 0 Experiment 11a
30 1 0 2 3 0 0 2 0 1
31 0 1 2 3 0 0 2 0 1
32 2 0 1 1 1 1 2 0 1
33 2 1 0 1 0 2 2 1 0
34 3 0 0 0 0 3 2 1 0
35 3 0 0 0 1 2 3 0 0
36 2 1 0 2 0 1 2 0 1
37 1 0 2 1 1 1 2 0 1
38 0 2 1 1 0 2 2 0 1
39 2 0 1 1 1 1 2 0 1
40 2 0 1 2 0 1 2 0 1





reactions of the spider
D









0 0 3 0 0 3 0
1 3 0 0 0 3 0
2 1 3 0 3 1 0
3 0 3 1 0 0 3
4 1 1 1 1 0 3
5 1 2 0 1 1 1
6 2 1 0 1 1 1
7 3 0 0 1 1 1
8 3 1 0 1 1 1
9 3 0 0 1 1 1
10 3 0 0 1 1 1
11 1 2 0 1 1 1
12 2 1 0 1 1 1
13 2 0 1 3 1 0 Summary
14 2 11 0 3 1 0
15 3 0 0 2 1 0 25° 30° 37°
16 3 0 0 3 0 1 95 30 5
17 3 1 0 2 0 1 79.2$16.7$ 4.1$
18 2 1 0 3 0 1
19 3 0 0 2 0 1
20 3 0 0 3 0 1 35° 36° 38°
31 3 0 0 3 0 1 67 15 38
32 3 0 0 3 00 1 55.8$13.5$31.7$
33 3 0 0 3 0 1
24 3 0 0 2 0 1
35 3 0 0 3 0 1
26 3 0 0 2 0 1
37 3 0 0 2 0 1
28 3 0 0 3 0 1
29 3 0 0 3 0 1
30 3 0 0 3 0 1
31 3 0 0 2 0 1
33 3 0 0 3 0 1
33 3 0 0 2 0 1
34 3 1 0 2 0 1
35 2 0 1 2 0 1
36 1 3 0 2 0 1
37 3 1 0 2 0 1
38 3 0 0 3 0 1
39 3 0 0 3 0 1
40 1 1 1 2 0 1
Totals 95 30 5 67 15 38
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Table XIX
Length of time to emergence of Arachnophaga pioaa Riley under
various conditions
Lot Date Date Date Cages Time (days) Total no. days Aver­> began trans. emer. 1 3 (means) x veloc, fact. age
Aa 10/31 1/8 3/13 HI BH 0 1 3
10/81 1/8 3/36 HI BH 15 69 56 113.8
Ab 10/31 3/5 AL
10/31 4/18+ AL 16 146.5(?) 130.0
Ac 10/31 3/5 CLL 18 134 135.3
Ad 10/31 4/18+ ALL 15 169+ 131.8+ 130.7
Ba 11/8 1/8 1/33 HI BH
11/8 1/8 1/39 HI BH
11/8 1/8 1/39 Hi BH
11/8 1/8 3/13 HI BH 34 61 36.3 85.64
Bb 11/8 3/13 BH 34 96 116.4
Be 11/8 1/8 3/13 CLL BH
11/8 1/8 3/13 CLL BH 34 61 35 110.3
Bd 11/8 3/13 CLL
11/8 3/19 CLL
11/8 3/19 CLL 34 103 113.1
Be 11/8 3/19 AL
11/8 3/36 AL 34 130.5 116.8 114.1
Bf 11/8 3/36 ALL 34 138 117.0 105.3
Ca 1/8 3/13 BH 86 34 107.1
Cb 1/9 3/36 3/13 HI BH 86 48 14 117.8 113.5
Da 1/16 3/13 BW
1/16 3/13 BW
1/16 3/19 BW






1/16 3/13 BW 93 39.7 118.8
Db 1/16 3/19 B 93 34 110.1
1/16 3/19 B
Dc 1/16 3/19 CLL 93 34 110.1
Dd 1/16 3/36 3/13 HI BH 93 48 14 133.8 117.3
Ea 1/30 3/9 3/5 R BW 106 10 34 133.6 133.6
Fa 1/30 3/9 3/19 R BH
3/6 3/9 3/5 R BH
3/6 3/9 3/13 R BH 113 3 31.7 130.3
Fb 3/6 3/9 3/5 R BW
3/6 3/9 3/5 R BW 113 3 34 133,6
Fc 3/6 3/9 3/5 R B





Lot: Experiments wnose lot number is  designated by the same capi­
ta l letter were begun at the same time, and the cocoons used 
were gathered on the same day. The lower case le tters  indi­
cate groups receiving the same treatment throughout.
Date: The f ir s t  date is the date on which the experiment was begun.
I f  there is  a date in the second column it-ind icates that~on 
that date the cocoon was transferred from the f ir s t  experi­
mental cage to the second. The date in the third column is 
the date on which emergence was observed. As observations 
were made weekly (to avoid more frequent disturbance of the 
experimental conditions by more frequent opening of the cages1 
these dates are in most cases one week apart. The date 
n4/'18+" indicates that liv ing  parasites were found in the co~ 
coons when the experiment was discontinued on the date given.
Cages: In the f ir s t  column is indicated the cage into which the co­
coon was f ir s t  introduced, and, i f  a transfer was made, the 
second column indicates the second cage. The le tter  ”R" in­
dicates that the cocoon was kept in the laboratory for the 
period indicated, before being placed in one of the experi­
mental cages. The conditions prevailing in each of the ex­
perimental cages are given in Table XXIi.
Time: In the column with the heading "0" is given the number of
days elapsing between October 15 and the beginning of the 
experiment. It was assumed that a ll eggs had been deposited 
previous to this date, and that a ll were in approximately the 
same developmental stage at that time. In columns nl n and 
"2" are given the average number of days in the corresponding 
experimental cages.
Total number of days x velocity  factor: In this column are given
the numbers obtained by multiplying the number of days in 
each cage by the velocity  factor for that cage, and adding 
the results. This velocity factor represents the mean rela­
tive  velocity  of the developmental processes in the cage con-i 
cerned, and was obtained by a comparison of the data obtained! 
from_ the different lots. The rate of development in Cage BW, 
in which the largest number developed to maturity was taken 
as unity.
Velocity factors used in the computations were as follows:
0 — 0.85 HI —0.64 AL — 0.80 CLL — 0.90
R — 0.85 BH —1,00 ALL— 0.70 B — 0.90
Average: In this coluxmn are given the averages of the products in 
the preceding column. These averages (and the products in 
the preceding column) are nearly constant.
This sign indicates an average which includes the item 
sim ilarly indicated in the preceding column. The unmarked 
average just above does not include this item.
Table XX
Length of time to emergence of Bpeira gibberosa Hentz under
various conditions
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Lot Date Da't 0 Date Cages Time (days) Total no, days Aver­
begun trans. emer. 1 3 0 1 3 x veloc. fact. age
Aa 10/31 1/8 1/39 HI BH 16 69 21 113.3
Ab 10/31 4/18+ AL
10/31 4/13+ AL 16 169+ 130.3+
Ae 10/31 i / i BH10/31 1/15 BH 16 6? 118.3 118.1
Be 11/8 4/9 AL
11/8 4/18+ AL
11/3 4/18+ AL
11/3 4/18+ AL 34 165 (?) 133.9
Bg 11/3 1/1 BH11/8 1/8 BH 24 56,5 106.5 117.5
Ca 1/9 3/26 BH
1/9 3/13 BH 86 41 131.9
Cb 1/9 3/26 3/5 HI BH
1/9 2/36 3/13 HI BH
1/9 2/26 3/12 HI BH
1/9 2/36 3/13 HI BH
1/S 3/36 3/19 HI BH 86 48 14 136.4
Cc 1/9 3/36 AL
1/9 4/9 AL
1/9 4/18 AL
1/3 4/18+ AL 86 90 114.4 131.3
Dd 1/16 3/3S 3/5 HI BH
1/18 2/26 3/5 HI BH
1/16 2/36 3/13 HI BH
1/16 3/26 3/13 HI BH
1/16 2/36 3/13 HI BH
1/16 3/26 3/13 HI BH 93 41 11.7 130.3 130.3
De 1/16 1/23 BH 33 13 81.4
Bf 1/16 4/18+ HI 93 93+ *152.5 119.4
Eb 1/30 2/9 2/36 R BH
1/30 2/3 2/26 R BH 108 10 17 112.6 112.6
Fd 3/6 3/9 4/18+ HI 114 3 68+ 146.6* *146.6
For explanation of1 this Table,sees Table XIX
Velocity factors: For the computations in this table the following
0.65
velocity  factors were used:
HI ~  1,00 BH — 1.61 AL — 0.65 
R ~  1.50
* This figure should be larger, as the spiders had not yet emerged 
when the experiment had closed.
See Table XIX. ____________
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Table XXI
V iability  of the spider Epeira gibberosa Hentz and its hyxnenopter. 
ous parasite Araohnophaga pioea Riley under various conditions
Lot Cages Dates Numbers Percents
1 3 begun trans. end. S P DS DP E Egg S P M
Ae BH 10/31 4/18 3 0 3 6
Bb BH 11/8 4/18 3 1 5 13
Ca BH 1/3 4/18 3 1 3 4
De BH 1/16 4/18 1 0 1 8
Eb R BH 1/30 3/3 4/18 4 1 0 5
11 3 11 35 COH 5 Jo T7f0
Aa HI BH 10/31 1/8 4/18 1 3 4 3
Ba HI BH 10/8 1/8 4/18 0 4 3 4
Cb HI BH 1/3 3/36 4/18 5 1 6 8
Dd HI BH 1/16 3/36 4/18 6 .1 0 3
13 8 13 18 34 16 60
Af HI 10/31 4/18 0 0 7 3 8 3
Bh HI 11/8 4/18 0 1* 4 3 3 0
Cd HI 1/3 4/18 0 0 4 1 5 0
Df HI 1/16 4/18 1* 0 8 0 1 0
Fd R HI 3/3 3/9 4/18 1* 0 6 1 1 1
3 1 33 8 17 3 3 3 35
Da BW 1/16 4/18 0 11 IS 0 10
Ea R BW 1/30 3/9 4/18 0 1 5 0 4
Fb R BW 3/6 3/9 4/18 0 3 6 0 1
0 15 30 0 15 0 35 75
Ab AL 10/31 4/18 3 1 11 0 6 0
Be AL 11/8 4/18 4 3 1 1 1 0
Co AL 1/9 4/18 3 0 0 1 5 1
9 T " 13 3 13'T ~ 33 10 67
Ad ALL 10/31 4/18 0 1 4 1 4 0
Bf ALL 11/8 4/18 0 1 3 3 3 1
u ~ 3 7 3 7 1 0 T C W
Ac CLL 10/31 4/18 0 1 6 0 3 0
Bd CLL 11/8 4/18 0 5 7 0 7 1
Cd CLL 1/3 4/18 0 0 10 0 10 0
Dc CLL 1/16 4/18 0 1 5 0 4 0
I T ” 7 38 “55“ r  ' 0 ~I3 88
Be CLL BH 11/8 1/8 4/18 0 5 7 0 7 i 0 35 75
Db B 1/16 4/18 0 3 0 0 3
Fc R B 3/6 3/9 4/18 0 0 8 1 3





Lot: The lo t numbers given here correspond to those given in the
preceding tables.
Cages: As in Tables XIX and XX. Conditions in the cages are given 
in Table XXII.
Dates: As in Tables XIX and XX. A ll cocoons which had not yielded 
either spiders or parasites were opened on April 18, and 
their contents examined.
Numbers:
S: Number of cocoons yielding liv ing spiders. In this and 
the next column the asterisk (*) indicates liv ing animals 
not yet emerged from the cocoon on April 18.
P: Number of cocoons yielding living parasites 
DS: Number of cocoons containing dead spiders on April 18.
DP: Number of cocoons containing dead parasites on April 18. 
E: Number cf cocoons empty or containing remains which could 
not be positively  identified.
Egg: Number of cocoons containing unhatched spider eggs.
P ere ent s :
S: Percentage of cocoons yielding living spiders 
P: Percentage of cocoons yielding living parasites 
M: Percentage to ta l mortality (including Empty, Dead Spiders, 
Dead Parasites, and Eggs).
Table XXII









power of a ir
per hour) 
Mean
BH 30.0 21.0 35.8 100?* 100?*- 0.04
HI 19.5 15.5 18.0 69.5 56.7 63.9 0.52
BW 30.0 21.0 35.8 92.8 68.0 83.9 0. 78
AL 21.2 1.7 9.3 98.2 86.8 93.6
ALL 21.3 1.7 9.3 97.0 57. 7 78.2
CLL 30.0 21.0 25.8 1.00
B 30.0 31.0 25.8 1.00
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Table XXIII
Time to Emergence of Epeira gibberosa Hentz under outdoor conditions 
Lot Bh
Date begun: 11/8
Date emerged: 4/20 4/25 4/25 4/25 4/25+ 4/25+
4/25+ 4/25+
Cages: Outdoors — otherwise treated like  cocoons referred to in
Tables XIX and XX.
Time in days (estimated total mean): 195
Total Number of Days x Velocity factor
(as used in Table XX): 126.8
Total number of cocoons yielding living spiders: 10
Total number of cocoons yielding liv ing  parasites: 0
Total number of cocoons yielding dead spiders: 0
Total number of oocoons yielding dead parasites: 0
Total number of cocoons "Empty": 10
r Percent. Spiders: 50
Percent. Parasites: 00
Percent. Total Mortality 50
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Tables XXIV - XXXIII
Summary of Collections according to Date.
The species are given in the first column, and following this 
are thirty-six columns representing the weeks during which 
collections were made. The date of the last day of each week 
and the number of the week are given at the head of each column. 
The letters opposite the name of the species indicate the sit­
uation in which the animals were found, as follows:
G —  Soil Stratum 
L —  Leaf Stratum 
H —  Herb Stratum 
S —  Shrub Stratum 
J -- Tree Stratum 
R —  Rolled Leaf 
St —  On Stump
Table XXIV —  Mollusca, Araneae
Table XXV —  Araneae, continued
Table XXVI —  Araneae, concluded
Table XXVII —  Insecta —  Coleoptera
Table XXVIII M  Coleoptera, continued
Table XXIX —  Coleoptera, concluded, Corrodentia
Table XXX -- Hymenoptera (Formicidae), Hemiptera % Cicadellidae).
Table XXXI — Diptera
Table XXXII —  Diptera, continued
Table XXXIII —  Diptera, concluded, Hemiptera (Fulgoridae)
Araneao
Ago it: n i la:-
liahaia a g i i i ;  Hoys.
Hahnia c in e re a  iSaor.
AgoIona uao-via A a lok. 
C ic u rin a  j .
C icu rina  a rc u a tn  Keys._______
A ttid a o
Phidippua n u i t i t 'o r a is  ifiaor.
P. t r ip u n o ta tu a  a ao r. 
Phidippua j .
Zygoballus b e t t i u i  Peck. 
A ttid a o  J.
itendryphantea a e a t iv a i i t i  r>a, 
dabroeeatua p u les  Hentz. 
dabroceetua J. 
daovia v i t t a t a  Hontz 
P lexip pus puerperua Peck. 
Mala p a laa rua  lie u tz  
A. a i t r a t a  iie n tz
.̂....... .. -P*
1L  t i L .  .  .  . .  j  U L  . .
. .  . *  d . .  j . .  . .  d U 3 . .  . .  H . .... .. U .. 1................. U
............... j a .. 3 us s ra s au u & su
Hraneae —— continued , 
tipeiridae 
Tetragnatha ap?
Kpeira gibberoaa  Hentz 
Kpeira ap? J .
Kpeira J. (hortorum?)
K. hortorua lientz 
K. d o a ic ii io r u a  lientz 
K. ia a n ia ris  Hentz 
K. s t r ix  lientz 
K. proapta Hentz J.
K. corn igera  lientz 
Acrosoaa rugoaa Hentz.
A. apinea Uentz 
Argiope aurantia  Luca* 
Liaypbidae
Linyphia phrygiaua toob  J .
L. coaaania lientz j .  
Krigone ap? females 
Lephthyphantea ap?




P ira ta  J.______________________
Miaetida*
Miaetna ia t e r f e o t o r  lientz
Piaaaridae
Pisaara J .
Piaaara undata Hentz 
doloaedes J .
Doloaede* idoneu* Mont.
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 t
4 3 i b 1 H 1 9 111 11 12 13 U w  W  1*1 33 34 33| 30
Afaueae - -  con tin u ed  
Clubiouidae-
Pbrurolithus a la r iu s  iientz j . . . . . . . . . . . . . . . . . . . . . . .
Pbrurolithus immature  . .  . .  L U . . . . . . . .  . .0 1
du bious imm ature  ............................  H . . . . . . . .  . . . .  U . .
(Jastaneira b iv it t a t a  Keys. ............................................ L ....................L ) . .  L
Anyphaena immature  . .  . .  H . .  . .  S . . . .  US . .  . .  SilLSil fl i
Anyphaena ruura, K«er. j . .  . .  . .  ............................................................................I
dietynidae
liiotyna immature  ...................................................US S S ' S Sil LU .
drassldae
Drpseidae  immature . .  . . l » ..................................... j • • . . U i . . |..
Sergiolus varie*ratus Iientz . .  ................................................................. ....  . . .
TherXJ lidae
Theridion frondeua tiontz .............................. H
Stwatoda b o re a lis  iientz . .  .............................. ....  . .  . .  i’
Kuriopis t'unebr is  Iientz . . . .  . . . . . .  . . . . . .
l'houisidae
Aysticus, immature  L ii . . . . L  U . . . .  U U L . .  U L
\. elegans Keys. . .  ti ....................... ii il ........................... ....  . .
Phi lodroaus J .  . .  . . . . . . . .  S . . . , U  . . . .  H . .  L
Mi-iutirt.na asperate Hentz .....................  . . . . . . . . .  H •
CorLarachue v e r s ic o lo r  Keys............................................................ ....  •• S
Who la tith o ra x  Keys. . .   ............................... ....  • •  ................
Oxyptila consptircata Thor......................... . . .  . . . .  • • > • • •  . .  j> * j
raarus cau iatus iientz . .  . .  . .  . .  ..................................... .*’ .}** f* [_*
Uloboridae
I loborus aHerioanus batch. . .  . .  . .  . .  . .  . .  . .  . . . .  . .  |UIi ‘  •
l o o k  V o . ~
S p e c i e s . ‘
i 3 1 5 6 8 9 10 i l l
____H I ____ h i
13 1 1 1 }  l o
____L J ____i! ! i
i s 19  1211121 " 1 23 24 2 5  26___ L ___L fit
2S
I n s e c t s
— 1
( J o l e o p t o r a  
U ta r y s o B e l id a e  
L i y p t i n a  s p u r i a  L o o . . . ** . . s S * *.{ s .. a L L . . U
f c ip i t r ix  b r e v i s  Sctaw.
. .
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P l i y l l o t r e t a  a i a u a t a  S t e p h . L<i *• . . •• L L •• l [• • ( . . L , . .  . . L L
L o n g i t a r s u s  n e L a n u r u s  S i e l s i . . . a “ ‘  | ‘
H
• • •* ** [< . * . * ** . .  j .  ] L
C e r o t o n a  t r i l ’ u r o a t a  F o r s t .  
O e d i o n y e h i s  g i b b i t a r s a  S a y  















L in a  i n t e r r u p t a  F a b r . L . .
» .  
••
L . .  L L L. L . .
L
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H o t r i o u a  b i c o i o r  F a b r .
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rS o t o x u s  n o n o d o n  F a b . ll| . * * •*] ••  ̂j
L H 1_ •. li L L L L .. L_
Carabidae
Casnonia pennsyivanioa L. 
i,x ornat a Say I;;
** 1 . . s
L
|L
yL .. L i. .. L L
“ j I L S U LL* scap u ia ri^  l̂ .j • 
L. a t r iv e n t r is  Say
••
1 ** •• L. . . . . L
i'acbys nubit'er Cay. ? 
Piatynus 8 -punotatus Fab. . .
•• .. L 
. .  . .  . . L L
C liv iu u  b ip u stu la ta  Fab. 
Agonoderus p a i lip e s  Fab.
**
•• ;;
.. :: : :
U L
r 1
r-i n n 35 n-i—l—H
u. . .  . .  L
L j
L












Heels Jio. - -
Colaopte-ra —  oonciuded 
fclateriiae
Lutliux attenuata* Say 
Aaaphea aeenouius rtbat. 






Photinua p y ra ii*  L. 
P. ac in t i lla n a  Say
Lycidae
Plateroa ca n a licu lu s  Say
S taphyliniiae
Staphylinus v iriJanus.H orn  
Lathrobiua a ia p lex  Leo.* ? 
L. iougiuuoulun tirav. 
fachyporus jo co su s  Say 




Copelatun g lyphioua Say
CurculioniJae
Phytonoaua n ig r ir o a tr ia  Fab. 
Hypera punctata Fab.
Gelua ocu la tu s Say 











Pouera co a rc ta ta  pennuylvaui 
(Buckley) tiaery 
Aphaenogaater fu lv a  Hog.
' ksponotun caryae Kitoh var' 
Prenolepls iap aria  Say 
Ureaatogaster lin e o la ta  Say
U. aoabrinodes scbo-ncki
tiaery var. eaeryana Korel
Scaphoideus auronitena Prov. d . .  . .  . . “ S
Pblepsius ir ro r a tu s  Say . .  ..................... .. •• •• •• y
Uypona S -l in e a ta  (Say) nymph . .  . .  H
K)it ocephalus io ia io u a  Say ..................... ............................. d •• & . .  S
Kapoasca v ir id e so e u s  flals.h .....................  ............................................  ̂ S ild
dry throneura t r ie in c t a
catyouia  MoAtee ................................................................. ....  •• ^
K. Oblique Say ........................* ........................ .................. .. ••  ̂ *
K. obliq.ua paraa MoAtee .....................................................................................
K. ob liqua noevus G i l l .  ..........................................................................................
d. cones v i t i s  Harr. ................................... ......................................................
Baloiutha punctata Thab. ............................................................................... ^
I'naanote t t ix  iongulus G ill.& U aker............................................................... i l . .  .
dikraneura ca ru eo la  ( S t i l l . ) ......................................................................................
. .  . .  S .

D iptera - -  continued 
Mueoidae-
O rth e liia  ca e sa rio n  B eig.
O scinidae
Batanobia p u a illa  Meig. ? 
C h lorop iaoa  g la bra  Meig. 





L eptocera evaneaceoa Tucker a
B olichopod idae 
Italichopus fu n d ito r  Loear 
Pailopua p a tib u la tu s  Say 
P. s c in t i l la n n  Loew 
P eiastoueurus vagaua Loew 










Saproayza t'raternu Lock 






Cladura f la v o fe r ru g in e a  O.S. U H
H . 
U
Bicranoptycba  sob rin a  O.S. 
U. uinneaana A lex.
Tipula un iaacu lata  L iv . 
T ipula ep? larvae 
Helobia hybrida B eig. 
U hipidia  d o a e a tica  O.S. 










X hr rev  idae 
P a ilocep h a la  larva
Lept idae
C h rysop ila  ap? l a r v a e L
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Plate I. Temperature Data
Weekly mean temperatures of a ir and so il at 10 M and 
0. S M. above the surface of the so il and 0.1 M. below 
the surface of the so il.
Temperatures are given in degrees, Centigrade, the base-linei 
representing -10°, and the horizontal lines, respectively, -5 ° , 0°, 
10°, 15°, and 20°, The top marginal line of the chart represents 
25°. Each smaller interval indicated on the lateral margin repre­
sents 1°C.
Beginning with the le ft  margin, the successive vertica l 
lines represent five-week intervals, beginning with June 27. The 
subsequent vertical lines are drawn in the positions representing, 
respectively, the weeks ending August 1, September 5, October 10, 
November 14, December 19, January 23, and February 27. Each small­
er interval indicated on the upper and lower margins represents one 
we ek.
A — Temperature at Station A, 0.6 M. above ground surface 
B — Temperature at Station B, 10 M. above ground surface 








Plate II. Temperature Data
Weekly mean variation in temperature of air and so il  
at 10 M. and 0.6 M. above the surface of the s o il , 
and 0.1 M. below the surface of the so il .
Notation is the same as in Plate I. 0°C. is  represented by 
the heavy line near the bottom of the plate, and the horizontal 
lines are at the levels representing 5°, 10°, and 15°C.
A — Temperature variation at Station A 
B — Temperature variation at Station B 
C — Variation in s o il  temperature.

1 u
Plate III. Temperature Data
Thermograph records for the week ending September 
13, for Station A, 0.6 M. above the surface of the 
ground and Station B, 10 M. above the surface of 
the ground.
Thermograph record from Station A 




Plate IV. Temperature and Relative Humidity Data
Mean Temperature and Mean Relative Humidity of an average 
day, as computed from the two-hour means for the week 
ending September 13. (The thermograph records from 
which this calculation was made are illustrated  in 
Plate III. The hygrograph records are not illustrated)
The space between horizontal lines represents 1°C., begin­
ning at the bottom of the chart with 14°, and 2  ̂ Relative Humidity, 
beginning at the bottom of the chart with 70$.
Each vertica l line represents one two-hour period, begin­
ning at the le ft  with 6:00-8:00 A.M., and ending at the le ft  with 
the same.






Plate V. Humidity Data
118
Weekly Mean Relative Humidity, and Weekly Mean Vari­
ation in Relative Humidity at Stations A and B, and 
Weekly Mean Absolute Humidity at Station A.
Vertical divisions represent 5-week intervals as in Plates
1 and II. Horizontal divisions represent 10# relative Humidity, 
and 2.0 mm. Partial Pressure of Hg. Absolute Humidity. For Graphs 
A and B, the top margin of the plate represents 100# relative hu­
midity, and each successive horizontal line below, 10# less.
For Graphs A* and B», the bottom margin of the plate repre­
sents 10# variation and each successive horizontal line 10# addi­
tional. For Graph C, the heavy horizontal lin e  represents 0.0 mm, 
Hg. partia l pressure, and each successive horizontal line above,
2 mm. additional.
A — Relative Humidity at Station A 
B — Relative Humidity at Station B 
A« -  Variation in Relative Humidity at Station A 
B1 -  Variation in Relative Humidity at Station B 
C — Absolute Humidity (in Millimeters of Mercury Partial Pressure) 
at Station A
i# SJ i O * Is* *t\*
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report a list of approved thesis subjects to the Dean by the first 
Monday in November.
2. T ime of Completion. D octors ' theses must be completed 
and a typewritten copy in the hands of the Dean by noon of the 
Saturday nearest the middle of May; m a sters' theses must be com­
pleted and a typewritten copy in the hands of the Dean by noon of 
the first Saturday in June. The instructor in charge may require 
the thesis as much earlier as he deems necessary. Before the final 
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Plate VI. Light Data
Relative intensity of light at a height of 1.35 M. in the 
forest and in an open glade. The vertica l scale is between 0$ and 
100$, in terms of maximum light intensity observed in the glade 
(9939 Foot—Canales, at 13:30 PmM,). The vertica l lines represent 
6:00 &.M., 13:00 M, and 6:00 P.M. The smaller divisions indicated 
at top and bottom represent hours.
G — Light intensity at 1.35 M. in the open glade 
F — Light intensity at 1.25 M in the forest.

Plats VII. Light Dara
122
Relative intensity of light at a neigJat of 1.25 M. in the 
forest and at ground level under herbage. The vertical scale is 
between Ofo and lfc, in terms of maximum light intensity observed in 
the glade (See Plate VI), and each horizontal ruling represents an 
interval of 0.1 6jo,The vertical lines represent 6:00 A.M., 13:00 M. 
and 6:00 P.M. The smaller divisions indicated at top and bottom 
represent hours.
F — Light in tensities at 1.25 M. in the forest 
0 — Light intensity at ground level in the forest
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Plate VIII. Evaporation Data 
Evaporation from Porous Cup Atmometers at Stations 1, 3,
5 and S.
The vertical scale is between 4 cc. and 31 cc. mean daily 
evaporation, the horizontal lines being -drawn at 5 c c . , 10 c c . , and 
30 cc.
The vertica l lines represent five-week periods, and the 
smaller divisions represent one-week periods.





t a r n i
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Plate IX. Evaporation Data
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Evaporation from Porous Cup Atmometers at Stations 1, 3, 
S, 8 and 10.
The vertica l scale is between 1 co. and 20 co. mean daily 
evaporation, with horizontal lines as in Plate VIII.




Plate X. Evaporation Data
Comparative Mean Daily Evaporation from Porous Cup At- 
mometers at Stations 1 to 11, for the Entire Season
The vertica l scale is from 0 cc. to 17 cc. mean daily evap­
oration, each division representing 1 cc. Each rectangle is num­
bered according- to the station represented.
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Plats XI. Evaporation and Precipitation Data
Mean Daily Evaporation from Porous Cup Atmometer at Station 
1, and Total Weekly Precipitation at Urbana.
The upper portion of the diagram represents the mean daily
evaporation for each week, beginning with the week ending July 4.
Each v ertica l division of the scale represents 5 cc. per day.
The lower portion of the diagram represents the tota l week-
*
ly precipitation , beginning with the same week. Each vertica l di­
vision  of the scale represents one inch of ra in fa ll.
Plate XI
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Plate XII. Animal Population Data 
The Total Population, and the Population of the Herb and 
Shrub Strata of the Forest, July 1, 1921 to March 1, 1922. 
Curves showing the mean weekly temperature at Station A (t) 
and mean weekly evaporating power of a ir at the same place (e) 
are added to this plate for reference. The former is  a copy 
o f curve A of Plate I, and the la tter is  the curve obtained by 
joining the tops of the rectangles representing evaporation in 
Plate XI. The curves for humidity(plate V) ra in fa ll (Plate XI) 
evaporation (Plates VIII, IX) and temperature variation (Plate 
II) should also be compared.
a - -  Total Population 
b - -  Population of Herb Stratum 
c — Population o f Shrub Stratum 
e - -  Mean evaporating power o f a ir. 
t - -  Mean temperature.
The vertica l scale represents the number of animals per sample.
30
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Plate XIII. Animal Population Data
The Population of the Leaf and Soil Strata of the Forest, 
July 1, 1321, to Maroh 1, 1923.
The vertica l lines divide the time into five-week periods, 
as in Plate XII. Each division in the vertica l scale represents 
ten animals per sample.
d — Population of the Leaf Stratum 
e — Population of the Soil Stratum
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Plate XIV. Seasonal Occurrence of Molluscs
The vertica l lines represent time intervals of f iv e  weeks, 
beginning with June 37.
1 — Polygyra thyroides (Say)
a — shrub stratum 
b — herb stratum 
c — leaf stratum
2 — Circinaria ccneava (Say)
a — herb stratum 
b — leaf stratum
3 — Vitrea indentata (Say)







Plate XV. Seasonal Occurrence of Beetles
1 — Diabrotica v ittata  Herbst
a — shrub stratum 
b — herb stratum 
c — leaf stratum
2 — Chalepus nervosa Panz
a — shrub stratum 
b — herb stratum
3 — Hotoxus monodon Fab.
a — herb stratum 
















Plate XVIII Seasonal Occurrence of Beetles
1 — Chaetocnema confinis Crot. 
a — shrub stratum 
b — leaf stratum 
3 — Phyliotreta sinuata Steph. 
leaf stratum


















Plats XX. Seasonal Occurrence cf Spiders
1 — Dendryphantes aestivalis Emer.
a — adults 
y — young
2 — Uloborus americanus Walck
a — adults 
y - -  young
3 — Anyphaena rubra Emer.
The horizontal dotted line represents the point after 
which a ll individuals taken were from the leaf stratum
4 — Dictyna sp?
Horizontal dotted line has same significance as above.
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Plate XXI. Seasonal Occurrence of Spiders
1 — Epeira hcrtorum Hentz 
a — adults 
y — young
3 — Epeira gfbberosa Hentz
3 — Tetragnatha sp? 
a -  adult8 












Plate XXII. Seasonal Occurrence of Spiders
1 — Xysticus elegans Keys 
a — adults 
y — young
Horizontal dotted line as in Plate XX 
3 — Linyphia phrygiana Koch 
3 — Acrosoma rugosa Hentz 
X ™” males 
z — females
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